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ABSTRACT
Feihua Yang. M.A. August 2003 Geography
Exploring Spatial and Temporal Distribution of Floods and Droughts in Jinhua, Zhejiang, 
China from 961 to 1985 A.D.
Advisor: Paul Wilson
This study analyzes spatial and temporal distributions of floods and droughts in Jinhua 
prefecture, Zhejiang province, China, from 961 to 1985 A.D. with statistical and 
geographic information system (CIS) techniques. The flood and drought data was 
acquired from nine gazetteers published in the late 1980s and early 1990s in Jinhua 
Prefecture.
After introducing the methodology for converting qualitative gazetteer data into 
quantitative format, this study explained the methods selected and developed specifically 
to integrate statistical analysis and CIS techniques in revealing the underlying principals 
of floods and droughts in Jinhua prefecture. The research found that floods and droughts 
in Jinhua Prefecture had distinct monthly and seasonal distributions. Floods were 
heaviest from June to August and droughts were heaviest from July to October. Flood 
and drought data was found to show upward trends since 961 A.D., with the greatest 
increase from 1900-1985 A.D. The study also found that floods and droughts in the 
study area had a 90 to 130 year fluctuation. Terrain and watersheds were two principal 
factors controlling flood and drought occurrences in the study area. The flood prone 
zones are in the western part of the study area, while the drought prone zones are mainly 
in the northern and southern parts of the study area.
This study demonstrates how to integrate GIS with statistical analysis in historical 
climate related research. GIS and statistic techniques are effective in revealing long-term 
trends in climate change and helping to delineate flood and drought prone zones, which 
are critical for decision makers in flood and drought prevention and prediction systems.
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CHAPTER ONE 
INTRODUCTION
Abnormal climatic events such as floods and droughts have occurred frequently in 
the Yangtze region of China since the 1990s. Severe flooding has occurred in 1991, 1996, 
1998, 1999, and 2002. The flood of 1998 alone caused US$24 billion in economic losses 
and thousands of deaths.^ Being primarily an agricultural nation, it is important for China 
to study long-term patterns of floods and droughts that can be used for projecting the 
distribution and severity of future events.
To understand the long-term patterns of floods and droughts, it is necessary to 
examine their variations on a historical time scale.^ China has long been concerned with 
the devastating consequences of floods and droughts. Records of historical floods and 
droughts can be found in diaries, local gazetteers, standard histories, and old 
encyclopedias, among other sources. These records serve as a good data source for 
historical research.
Many studies have investigated floods and droughts based on historical data. These 
studies provide decadal to millennia scale perspectives on the distribution of floods and
* NCC/CMA, The Severe Flooding over China in the summer o f1998 and Climate 
Anomalies (Beijing; China Meteorological Press, 1998), 139.
 ̂Shaowu Wang and Zongci Zhao, “Droughts and Floods in China, 1470-1979,” 
Climate and History^ T.M.L. Wigley (Cambridge University Press, 1981), 271-288; 
Jiacheng Zhang and T.J. Crowley, “Historical Climate Records in China and 
Reconstruction of Past CXirndX^sf Journal o f Climate 2 (1989): 833-849.
droughts, and the relationships between climate changes and human activities. However, 
most research has focused on the national or regional scale that is too general for local 
governments to properly analyze trends for efficient policymaking. Furthermore, existing 
research has mainly relied on statistical analysis that does not integrate geographic 
information system methods. The results are often esoteric and hard to interpret by 
policymakers. There is a need for research analysis at provincial, prefectural, and county 
levels to facilitate local government entities in making scientifically based decisions, to 
mitigate or avert future climate related catastrophes.
Topic of Research
Problem Statement
The purpose of this research is to ascertain the temporal and spatial distributions of 
floods and droughts in the lower Yangtze region of China. This study is conducted from 
a historical perspective at a prefectural level to disclose possible relationships between 
floods and droughts and other relevant geographic features.
Study Area and Data Sources
The study area is Jinhua Prefecture in Zhjiang Province, China. Data for this 
research was acquired from nine local gazetteers published in the late 1980s and early 
1990s in Jinhua Prefecture.
Research Questions
This research is organized to address three concerns about floods and droughts in
Jinhua Prefecture:
• What are the monthly and seasonal distributions of floods and droughts in the
study area? Are there any months or seasons in which floods or droughts are 
more likely to occur?
• What are the general long-term trends related to floods and droughts? Are
there any centurial scale cycles regarding to floods and droughts?
• What are the spatial distributions of floods and droughts? Are there any
locations that are more susceptible to floods or droughts?
To answer these questions, previous research on historical floods and droughts and 
some ongoing geographic information system projects in China are reviewed in the 
following section. Chapter two introduces the study area and data sources, followed by 
chapter three that explains the rational and viability of the research methods that were 
selected and developed for this research. Following chapter three, chapter four presents 
the results of the data analysis through interpretation of charts and maps that are created 
by the methods described in chapter three. Finally, the research conclusions are 
presented in chapter five. The results are intended to be a valuable contribution to local 
government entities in land use planning, flood and drought prevention and prediction 
systems.
Research on Floods and Droughts in China
Records of floods and droughts can be obtained through local gazetteers, travel 
reports, taxation records, official historical documents, and old encyclopedias. Figure 1 
shows possible sources of historical flood and drought data in China. These records can 
be confusing sometime as the different sources may give conflicting descriptions of the 
same events.
An encyclopedia by Chen Meng-lei and Jiang Tingxi during Qing Dynasty (1644- 
1912): Ch'in-ting ku-chin t’u-shu chi-ch'eng (Imperially compiled collected illustrations 
and writings of ancient and modem times), was compiled to forego problems inherent in 
interpretation of data from these several repetitious and inconsistent sources. The 
encyclopedia includes thirty-two main sections and 6,109 sub-sections. Section four 
entitled Shu-cheng tien (strange phenomena) covers records on floods and droughts from 
206 B.C. to 1643 A.D. Ch’ing shih kao (Draft history of the Qing Dynasty) keeps 
records of floods and droughts in its section entitled Tsai-i Chih (Treatise on Calamities 
and Anomalies) for the time period from 1644 to 1911
 ̂ Shanyu Yao, “Flood and Drought Data in the T’u-Shu Chi-Ch’eng and the Ch’ing 
Shih Kao,” Harvard Journal o f Asiatic Studies 8 (1944): 214-226.
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Fig. 1 Sources of historical flood and drought information in China
Since the early twentieth century, Chinese scholars have systematically compiled 
and analyzed flood and drought data from historical sources. Zhu found that there are 
long-term cycles of wet and dry in the last 5,000 years in China by comparing the ratio of
Jaiqi Chen et al., Visualization o f Historical Flood and Drought Informtion (1100- 
1940) fo r the Middle Reaches o f the Yangtze River Valley, P.R. China, (Justus Liebig 
University Giessen, 2001).
floods and droughts for different centuries/ Later, Zhu published a number of papers that 
described temperature fluctuations in China. He found that there was a 400 to 800 year 
cycle of temperature oscillations in the past 5000 years,^ Yao’s study on floods and 
droughts in Chinese history concurred with Zhu’s findings.^
In the late 1970s, research on the characteristics of floods and droughts in eastern 
China between 1470 and 1979 was made by scholars from the Research Institute of the 
Central Meteorological Service, Provincial Meteorological Services, Nanking University, 
and Peking University.® The results of the research were a collection of maps illustrating 
the distribution of floods and droughts over the past 500 years.^ Further studies based on 
these maps show a centurial-scale climate fluctuation with periods of about 85 and 130 
years in eastern China.
 ̂Kezhen Zhu, “Preliminary Research on Climate Changes in China over the last 
5,000 years,” Cycles 25(1974): 243-61.
^Ibid.
 ̂Shanyu Yao, “The Chronological and Seasonal Distribution of Floods and 
Droughts in Chinese History, 206 B.C -  A.D. 1911,” Harvard Journal o f Asiatic Studies 
6 (1942): 273-312; “The Geographic Distribution of Floods and Droughts in Chinese 
History, 206 B.C. -  A.D. 1911,” The Far Eastern Quarterly 2 (1943): 357-378.
® Wang and Zhao, “Droughts and Floods in China, 1470-1979,” 271-288.
 ̂Beijing Atlas Press, Zhongguo Jiwubiannian Hanlao Fenbu Tuji (Collection o f 
Maps on the Distribution o f Droughts and Floods in China over the past 500 years) 
(Beijing: Beijing Atlas Press, 1981).
Geographic Information System Projects in China
The China Historical Geographic Information System
Although specific GIS analysis on historical floods and droughts is scarce in 
China, there are several GIS projects concerned with Chinese historical studies. Dr. 
Robert Hartwell created a historical administrative boundary dataset for time periods 
between the Tang (618-907 A.D.) and Ming (1368-1644 A.D.) dynasties. This dataset is 
based on the concept of "co-location", which uses modem county-level administrative 
units to depict the approximate delineation of historical administrative areas.
Based on Dr. Hartwell's dataset, the China Historical Geographic Information 
System (CHGIS) is working to establish a dataset of historical administrative units for 
different periods in Chinese history. This project is designed to provide a GIS platform 
for researchers in spatial analysis, temporal statistical modeling, and other kind of 
historical studies.
Geological Disaster Investigation and Division
The Chinese Ministry of Land and Resource has an ongoing GIS project known 
as the Geological Disaster Investigation and Division. The objective of this project is to 
find potential disaster areas, delineate high-risk regions, and formulate disaster 
prevention plans on the county level. Eight counties in Jinhua prefecture are creating
Peter K. Bol, An Overview o f Work on an Historical GIS o f China—an 
Introduction to Robert Hartwell's Work (University of California at Berkeley: 
ECAI/PNC Meeting, 2000).
their own geological information systems based on the system format provided by this 
project. Although this project only deals with geological disasters in the last several 
decades, it can serve as a valuable addition to the establishment of other hazard GIS 
databases.
Research at Justus Liebig University Giessen
Researchers at Justus Liebig University in Giessen studied flood and drought 
information (1100-1940) for the middle Yangtze River basin, which is in Hubei Province 
and parts of Hunan and Jiangxi Provinces. Flood and drought records from county and 
prefectural gazetteers with numerous descriptive information were converted into 
character indexes (i.e., extreme flood, flood, drought, extreme drought). A series of 
county-level maps were created to illustrate the spatial distribution of floods and droughts 
during different time periods.
Comprehensive Natural Calamity Database
Several Chinese organizations including the Chinese Ministry of Science and 
Technology, the Chinese State Development Planning Commission, the Chinese Calamity 
Synthetical Study Group of State Economic and Trade Commission, and the Geological 
Institute of China Seismological Bureau, are collaborating to establish a comprehensive 
natural calamity database. The database includes natural disaster datasets covering 
meteorology, earthquake, agriculture, forestry, and geology from a time period before
Chen et al., “Visualization of Historical Flood and Drought Informtion (1100- 
1940) for the Middle Reaches of the Yangtze River Valley, P.R. China.”
Christ to the present, on a national and provincial scale.
While research on floods and droughts has been conducted for several decades on 
national and regional scales over millennial time periods, little has been done on county- 
based flood and drought analysis. Furthermore, many studies are based on statistical 
analysis, lacking the ability to visualize the temporal and spatial distribution of floods and 
droughts. GIS has proved to be a valuable tool for managing spatially distributed 
datasets. GIS is commonly used to display and disclose underlying relationships between 
different features that are otherwise indistinguishable. By incorporating historical flood 
and drought data into GIS, the long-term trend of climatic changes can be revealed, and 
the relationships among floods, droughts, climate changes and human activities can be 
explored. This information is valuable in the projections of future climate related events.
Existing research on floods and droughts based on Chinese historical records was 
limited by traditional research methods that did not employ GIS technology. The GIS 
projects currently underway in China are primarily limited by scale, which is too general 
for local decision makers. GIS and statistical modeling need to be integrated at 
prefecture and county levels to facilitate local government entities in making sound, 
scientifically based decisions, to mitigate and or avert future catastrophes. This chapter 
has introduced the research problem, defined the research questions and reviewed the 
previous research. The next chapter now addresses the study area and data sources that 
can be used to illustrate new methods to overcome the limitations of existing research.
CHAPTER TWO 
DATA SOURCES FOR JINHUA PREFECTURE
This chapter has two purposes. The first introduces Jinhua Prefecture as the study 
area and its significance in the context of historical flood and drought research. This part 
consists of a physical description of Jinhua Prefecture and the viability of the region as a 
study area. The second part examines gazetteers as the primary data source, their 
availability, and some limitations to their use. The results of this chapter show why 
Jinhua is a significant study area, and why gazetteers are viable sources of data.
Study Area
The study area for this research is Jinhua Prefecture in Zhejiang Province, China 
(Figure 2). Jinhua is in the middle of Zhejiang Province. It consists of eight counties: 
Jinhua, Lanxi, Pujiang, Yiwu, Dongyang, Pan an, Yongkang and Wuyi. Jinhua 
Prefecture has a total area of 10,900 km^, and a human population of 4.23 million at the 
end of year 1989.* Its geographical location is from 28°32' N to 29°41 ' N and from 
119'^14'Eto 120°46' E?
* Jinhuashi difangzhi bianzuan weiyuanhui, Jinhuashi zhi (Hangzhou: Zhejiang 
Renmin Chu Ban She, 1992), 1
2 Ibid., 40.
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Fig. 2 Jinhua Prefecture in China
Jinhua is a hill-land basin that is high in the south, north and east, but low in the 
center. Jiangjun Rock in Lanxi County is the lowest point with an elevation of 23m, 
while the Niutou Peak in Wuyi County is the highest point with an elevation of 1560m. 
Figure 3 is the digital elevation model derived from USGS HYDRO IK Elevation 
Derivative Database. Jinhua, Lanxi and Yiwu counties are dominated by lowland basins. 
Meanwhile, Donyang, Yongkang, Pujiang and Wuyi counties are composed of both 
lowlands and uplands. Pan an is in the southeast of Jinhua Prefecture and is 
predominately-forested mountains.
The climate in Jinhua Prefecture is typically subtropical monsoonal with four 
distinct seasons. Lanxi County has the highest annual average temperature of 17.6 ®C, 
while Pujiang County has the lowest of 16.3 ®C. The maximum temperature extreme in 
Jinhua Prefecture is 41.2 ®C and minimum temperature extreme is -9.6 ®C during the last 
30 years. Annual average precipitation is 1150-1909 mm.^ Precipitation is
Jinhuashi difangzhi bianzuan weiyuanhui, Jinhuashi zhi, 58
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predominantly during the time period from March to June/ Figure 4 shows the 
climograph of Jinhua County in 1999/ Climograph for other counties (not including 
Pan’an County) in Jinhua Prefecture are given in Appendix A /
 ̂ ‘ Jk ' f
■
a
m
-J
F
J i f e  Puji«Hr
%
YongkangJinhua
Niudou 
(1560m)
200 1750(m)
Fig. 3 Jinhua DEM from USGS Hydro IK Database. DEM is displayed as 
histogram equalized. Contour interval is 200 meters.
Throughout history, floods and droughts have repeatedly occurred in Jinhua 
Prefecture, typical to the lower Yangtze hill-land regions. However, systematic research
""Ibid.
 ̂Lu Shaorong and Zan Qiang, Jinhua Statistic Yearbook (Beijing: China Statistic 
Press, 2000), 38.
 ̂Climograph for Pan’an County is not included because of the lack of data.
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on historical floods and droughts is scarce in this area. Notwithstanding, Jinhua has a 
long history of settlement with adequate and accurate historical documents. In addition, 
administrative units in Jinhua have been relatively stable throughout history.
a
I
Climograph for Jinhua County in 1999
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Fig. 4 Climograph of Jinhua County in 1999.
Furthermore, floods and droughts were well-documented climatological events. 
These elements make this research manageable and valuable. Furthermore, this research 
can complement and be integrated with the Geological Disaster Investigation Division’s 
GIS project and CHGIS datasets in Jinhua Prefecture, to further scientific knowledge in 
mitigating and or averting future disasters.
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Flood and Drought Data
China has a history of recording data on local infrastructure, natural landscape, 
people, and great events such as floods and droughts. The purpose was to submit these 
data with maps and plans to higher-level government agencies and to celebrate local 
achievements. Different aspects of local histories were recorded separately until the 
Song Dynasty (960-1279) when local gazetteers emerged to compile different sets of 
information into one document.^
Gazetteers are not the only format in which local history was recorded. However, 
because of their numerous volumes and detailed information, they are the best data 
source for local historical events. There are forty-eight gazetteers extant that concern 
Jinhua Prefecture and its counties.^ Later versions are compiled and updated from earlier 
versions. The latest versions, which serve as the main data sources in this research, were 
completed in the late 1980s and early 1990s. Records of floods and droughts in these 
gazetteers date back to 503 A.D. However, most records came after the invention of 
moveable type printing in Song Dynasty (960-1279). Therefore, the time period covered 
in this study is from 961 to 1985 A.D.
 ̂Endymion Wilkinson, Chinese History: A Manual (Cambridge: Harvard Yenching 
Institute Monograph Series 46, 1998), 156.
 ̂Peter K. Bol, “The Rise of Local History: History, Geography, and Culture in 
Southern Song and Yuan Wuzhou,” Harvard Journal o f Asiatic Studies 61 (2001):37-76.
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Table 1 shows that there are four gazetteers extant concerning Jinhua Prefecture and 
forty-four concerning its eight counties. The years listed under Jinhua Prefecture and 
each county are the years when the gazetteers were completed. Prefecture-level 
gazetteers are compiled from data in county-level gazetteers and they are usually more 
general than county-level gazetteers.
Although the administrative units in Jinhua have been relatively stable throughout 
history, there have been changes from time to time. In this study, Wuyi County annexed 
a part of Xuanping County in 1958. Data for Wuyi County is incorporated with former 
Xuanping County, while eliminating repeated records.
This chapter has introduced the study area and data sources for this research, the 
significance of Jinhua Prefecture as the study area, and the availability and limitations of 
gazetteers as data sources. Building on this context, the next chapter addresses the 
methods selected and developed for this study based on the gazetteer data sources.
Table 1 Gazetteers in Jinhua Prefecture
Jinhua
Prefecture
Jinhua
County
Lanxi
County
Dongyang
County
Yongkang
County
Yiwu
County
Wuyi
County
Pujiang
County
Pan an 
County
Extant Lost Extant Lost Extant Lost Extant Lost Extant Lost Extant Lost Extant Lost Extant Lost Extant Lost
1078-
85
1154
1254 1265-
74
1201-
04
1265-
74
1341 1323 1314-
20
1353
1480 1483 1409 1465-
87
1445
1578 1598 1540 1510 1572 1526 1590 1522 1581 1596 1572 1524 1520
1590
1683 1655 1606 1681 1673 1610 1672 1640 1683 1673 1609
1683 1614 1618 1698 1673 1698 1646
1695 1672 1637 1692
1654
1779 1799
1823 1800 1832 1837 1804
1894 1888 1896 1892
1915 1929
1992 1992 1988 1993 1990 1982
1991
1987 1990 1993
Bol, “The Rise of Local History: History, Geography, and Culture in Southern Song and Yuan Wuzhou,” 39
CHAPTER THREE 
METHODOLOGY
Original data from gazetteers in this study is in qualitative format and is not based 
on instrumental measurements. The qualitative data needs to be converted into 
quantitative format to show long-term fluctuation of floods and droughts, and their 
relationship to physical and human impacts that cannot be realized through qualitative 
analysis. This chapter introduces the methods used to convert qualitative data to 
quantitative data, based on frequency distribution and grade index ranking.
After the data has been converted into quantitative format, different statistical and 
GIS analysis methods used for this study are explained. The statistical analyses include 
frequency distribution, moving average and Empirical Orthogonal Function (EOF).^ The 
GIS analyses include a series of thematic mapping procedures (isarithmic, dot, and 
choropleth). The purposes of statistical and GIS analysis are to examine temporal and 
spatial distributions of floods and droughts, and to expose underlying relationships 
between floods, droughts, and other relevant geographic features in the study area.
Generalization of Flood and Drought Data
Many contemporary scientific investigation methods were not available at the time 
when flood and drought data were recorded in early Chinese history. In addition, the
' Peter A. Rogerson, Statistical Methods for Geography (London: SAGE 
Publications Ltd, 2001), 192-208; Empirical Orthogonal Function is also known as 
Principal Components Analysis.
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purpose of keeping local events in gazetteers was to submit these data to higher-level 
government agencies, rather than for scientific research. Thus, the data from gazetteers 
was usually in qualitative instead of quantitative format. For example, floods were 
described as excessive rain, flood, or numerous farmlands submerged, while droughts 
were described as drought, heavy drought, or numerous people died of drought. Table 2 
is a sample of the qualitative data from Dongyang gazetteer.
Table 2 A sample of the original data in Dongyong gazetteers
County Type Date Description
Dongyang Flood 06/1011 Heavy rain
09/1026 Heavy rain
07/1028 Excessive rain
07/1061 Excessive rain which caused disaster
02/1072 Heavy rain
06/1095 Continuous rain
06/1099 Flood caused disaster
1104 Flood, no harvest in fall
04/1106 Flood
1116 fall Heavy rain
1118 summer Continuous rain in summer, numerous farmlands 
submerged
1124 spring Excessive rain
02/1131 spring Excessive rain
05/1132 Heavy rain, farmlands submerged, full of hungers
1133 summer Continuous rain, deluge
1134 Apr.-May Continuous rain, farmland damaged, poor harvest on 
silkworm
 ̂Translated from Dongyangshi difangzhi bianweihui. Dongyangshi zhi (Shanghai: 
Han Yu Da Ci Dian Chu Ban She. 1993), 92-101. Date in lunar calendar.
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Table 2 A sample of the original data in Dongyong gazetteers (continued)
County Type Date Description
Dongyang Drought 961 May-Jul. Heavy drought
998 Drought
999 spring Drought
05/1007 Drought
05/1012 Drought
1044 Drought
1070 Drought
1075 Jul. - Aug Heavy drought, numerous people died
1080 spring Drought
1089 summer Drought
1097 summer Drought
1098 Drought
1101 Drought
1102 Drought
1109 Drought
1134 Jun - Aug No rain, severe ravages of droughts
Jinhua Prefecture has relatively well-documented records of floods and droughts.
In the gazetteers used for this study, there are a total of 1675 records related to floods and 
droughts in Jinhua Prefecture and its counties for the time period from 961 to 1985, in 
which 343 records are in Jinhua Prefectural gazetteer and 1332 records in county level 
gazetteers. Table 3 shows the extent of records related to this study in Jinhua Prefecture 
and each of its counties. Dongyang County has more records of floods and droughts than 
other counties. This could be the result of better record keeping in Dongyang County.
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Table 3 Records of floods and droughts in Jinhua Prefecture and its counties
Prefecture/County Records of Floods Records of Droughts
Jinhua Prefecture 223 120
Dongyang County 147 156
Jinhua County 85 79
Lanxi County 86 61
Pan*an County 71 100
Pujiang County 54 66
Yongkang County 65 81
Wuyi County 65 101
Yiwu County 54 61
Subtotal 850 825
Total 1675
Date Conversion
In the original gazetteers, years and months were recorded according to a lunar 
calendar/ Lunar months and years need to be converted into Gregorian months and 
years. In addition, dates documented as seasons have to be converted into the 
corresponding month of that season, i.e., spring to April, summer to July, fall to October, 
and winter to January. If no monthly or seasonal information is available, the monthly 
data for those records is left blank and is not used in monthly flood and drought 
distribution analysis.
Flood and Drought Data Generalization
After the dates have been converted from the lunar calendar to the Gregorian
 ̂Original data available on request.
 ̂A lunar calendar is a calendar that is based on lunar cycles.
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calendar, flood and drought records are ready to be converted from qualitative into 
quantitative format. The first approach used for this conversion is the frequency 
distribution method. A frequency distribution shows the number of observations falling 
into a range of values. In this study, monthly frequency examines the years in which 
floods or droughts were recorded in a given month. Century frequencies of floods and 
droughts by counties are also examined by the frequency distribution method.
The second approach employed is the grade method. The grade method converts 
original qualitative data into quantitative data according to the duration and severity of 
floods and droughts. One method discussed by Zhang and Crowley is to transform 
qualitative records into five numerical categories representing heavy flood, flood, normal, 
drought, and heavy drought with probabilities of 10, 25, 30, 25 and 10 percent,
respectively. The definitions for these five categories are as follows:
(1) continuous flood over two seasons or having records as “driving boat over land”
(2) one season’s flood
(3) usual case or nothing special to be recorded
(4) one season’s drought
(5) continuous drought over two seasons or having records such as “a thousand Li 
of barren land” (Li is about half a kilometer)
The graded index can be further analyzed by statistical methods, such as Empirical 
Orthogonal Function and Power Spectral Analysis.^ The Beijing Atlas Press established a 
collection of maps showing the distributions of floods and droughts in China over the
Wang and Zhao, “Droughts and Floods in China, 1470-1979,” 271-288.
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past 500 years using the five categories methods discussed by Zhang and Crowley.^
Zhang and Crowley’s research was based on a national scale, while the study area in 
this research is at smaller scale. In this study, floods and droughts were evaluated as two 
separate indices because of more detailed information available at local scales. Table 4 
shows the conversion methods where negative numbers are assigned to droughts or 
dryness, and a positive number to floods or wetness. The value represents the severity 
and duration of floods or droughts. Positively higher values or negatively lower values 
indicate the severity of floods or droughts, respectively.
Table 4 Data conversion method
Droughts Floods
Index Description Index Description
0 No data 0 No data
-1 Drought lasted one month or less, or 
no duration information was 
available
1 Flood lasted one month or less, or 
no duration information was 
available
-2 Droughts lasted 2-3 months in a year, 
or droughts were described as severe 
drought
2 Floods lasted 2-3 months in a year, 
or floods were described as severe 
flood, or deluge
-3 Droughts lasted 4-5 months in a year 3 Floods lasted 4-5 months in a year
-4 Droughts lasted more than 6 months 4 Floods lasted more than 6 months
Each record from the gazetteers is examined by the method described in Table 4. 
Records for which the date recorded spanned more than one year are stratified, and each 
record is assigned an index based on the description for that year. Table 5 is a sample
 ̂Zhang and Crowley, “Historical Climate Records in China and Reconstruction of 
Past Climates,” 833-849; Beijing Atlas Press, Zhongguo Jiwubiannian Hanlao Fenbu 
Tuji (Collection o f Maps on the Distribution o f Droughts and Floods in China over the 
past 500 years).
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showing the quantitative indexes converted from the data in Table 2.
Table 5 A sample of index data converted from Dongyang gazetteer (961-1134)^
County Type Year Month Index
Dongyang Floods 1011 7 2
1026 10 2
1028 8,9 2
1061 8 1
1072 3 2
1095 7 1
1099 7 1
1104 10 1
1106 5 1
1116 10 2
1118 7 1
1124 4 1
1131 3 1
1132 6 2
1133 7 2
1134 5,6 2
Droughts 961 6,7,8 -2
998
999 4
1007 6
1012 6
1044
1070
1075 8,9 -2
1080 4
1089 7
1097 7
1098
1101
1102
1109
1134 7,8,9 -2
 ̂Complete index data converted from gazetteers given in Appendix D. Date in 
Gregorian calendar.
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Statistical Analysis
Statistical analysis is often used to find intrinsic relationships within datasets that 
may be impossible to see otherwise. Three types of statistical techniques are employed 
for this research: frequency analysis, moving average, and Empirical Orthogonal 
Function (EOF). Frequency analysis is the most direct and efficient method to expose 
any monthly and seasonal distributions of floods and droughts in the study area. Moving 
average levels out short-term fluctuations and reveal long-term flood and drought trends. 
EOF is widely used in climate related research to reveal fundamental factors affecting 
climatic phenomena. It is used to find main factors affecting the distributions of floods 
and droughts in the study area.
Frequency Analysis
The objective of frequency analysis is to examine if monthly or seasonal flood and 
drought distribution patterns exist in the study area. A monthly flood or drought 
frequency is obtained by studying the years in which floods or droughts were recorded in 
a given month. Data for which no monthly information was available was eliminated 
from monthly distribution analysis. Table 6 is an example showing the flood fi*equency 
by month from 961 to 1985 in Jinhua Prefecture. The charts related to frequency analysis 
are presented and analyzed in chapter four.
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Table 6 Flood frequency by month in Jinhua Prefecture (961 to 1985)
Month Frequency Percent Valid Percent Cumulative Percent
January 4 1 1 1
Febuary 6 1 1 1
March 15 2 2 4
April 51 6 7 11
May 74 9 11 22
June 181 23 26 48
July 150 19 22 69
August 111 14 16 85
September 67 8 10 95
October 33 4 5 99
November 2 0 0 100
December 2 0 0 100
Total 696 88 100
Missing 99 12
Total 795 100
Moving Average
Floods and droughts are affected by short-term events, such as climatic anomalies 
and public policies, which poses a problem in uncovering underlying long-term trends.
To solve this issue, a moving average is employed to level out short-term fluctuations and 
to get a view of the long-term trend. A moving average is an average of data for a certain 
number of time periods. Figure 5 shows the formula for calculating the moving average.
MA,(L) =Î*^  J=i-L+l
L : number of time period 
MA : moving average 
X : original data 
i : start at L
Fig. 5 Moving average equation
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To investigate the long-term flood and drought trends in the study area, each 
county’s flood or drought index is aggregated in 25-year periods. For each 25-year 
period, the aggregated flood or drought index from each county is added up together. The 
data is then examined by moving average. The time periods used in this study for 
moving average are four 25-year periods. The results are discussed in chapter four.
Empirical Orthogonal Functions
Empirical Orthogonal Functions (EOF), also known as Principal Component 
Analysis (PCA), is widely applied in climate related multi-variance analysis. By means 
of linear orthogonal transformation,^ EOF can separate original data into two orthogonal 
datasets.^ One set describes temporal variations in the original dataset and the other 
describes spatial variations in the region where the data are collected.
In EOF analysis, the first few principal components in the separated datasets 
typically capture a large proportion of the total variations in the original dataset. Thus, 
by studying only the principal components, EOF can effectively reduce the number of
® A linear orthogonal transformation is a linear transformation T: V ~^W  that 
preserves the lengths of vectors and angles between vectors.
 ̂Two vectors U and V whose dot product (U • V=| U || V | cos0, where 0 is the 
angle between U and V) is U * V = 0 (i.e., the vectors are perpendicular) are said to be 
orthogonal.
Lena M. Tallaksen and Hege Hisdal, Methods for Regional Classification o f 
Streamflow Drought Series: The EOF Method and L-moments, University of Oslo 
(1999).
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variables in the original dataset which are eight county-level flood and drought variables 
in this study, while still capturing the main characteristics of the original data.
Because consistent and reliable rainfall records using instrumental measurement 
were not available until the last several centuries, moistness level — the sum of flood and 
drought index data, was used to indicate wetness and dryness in this study (Figure 6). To 
eliminate temporal influences in the dataset, the deviation of each year's moistness level 
from the mean was used for EOF analysis. Figure 7 shows the moisture level matrix for 
EOF analysis that covers the time period from 961 A.D. to 1985 A.D. in Jinhua's eight 
counties.
X : deviation of moistness level 
from the mean
Fig. 6 Moistness level
£ ) ,8,1025
Y
^ 1 ,9 6 1 ^ 1 ,9 6 2 X |  963 . . . .
Y  \  
-^1,1985
^ 2 ,  961 ^ 2 .  962 ^ 2 .9 6 3 X j  |9g5
^ 8 ,  961 ^ 8 .9 6 2 ^ 8 ,9 6 3 ^ 8 .1 9 8 5  ;
M : moisture level
F ; wetness index values of 1,2,3, and 4
D : dryness index values of -1, -2,-3, and - 4
i : counties from 1 to 8
j : time period from 961 to 1985
Fig. 7 EOF analysis dataset
The moisture level matrix is then separated into orthogonal uncorrelated spatial and 
temporal datasets by linear orthogonal transformation as follows:
2 8
T \  ^ 1 /  V  ^  : original dataset
U % , 1025 K  8.8 /  8.1025 V  : Spatial data m atrix
Y  =  F l  K : transpose m atrix o f  K
/  8,1025 K  8 .8 / ^ 8 ,1 0 2 5  y  ; tem poral data m atrix
Spatial matrix V*s column vectors are composed by matrix DD^’s eigenvectors.*^ 
Temporal matrix Y is determined by V^and D. Rows in temporal matrix Y are the 
components. Though Y still has the same dimensions as the original data, the first two to 
three components capture most variations in the original data. The first principal 
component contributes the largest to the total variation of the original data and the second 
principal component contributes the second, etc. Variables in original data can thus be 
reduced to two or three underlying components.
Column vectors in spatial matrix V describe the contribution of each principal 
component to the original data. They vary between spatial locations but are constant in 
time.*  ̂ The first column vector corresponds to the first component and the second 
column vector to the second component. Data contained in spatial datasets is mapped to 
display main differences among counties in the study area.
* * The scalar X is said to be an eigenvalue for matrix A (A= DD^ ) if there is a 
nonzero vector v such that Av = A, v. The vector v is called an eigenvector of A associated 
the the eigenvalue X.
Tallaksen, Methods for Regional Classification o f Streamflow Drought Series: 
The EOF Method and L-moments.
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The advantage of EOF analysis is its capability to reduce redundant information. 
However, how to interpret each principal component depends on interpreter’s personal 
experiences and understanding of physical features in a study area.
Geographic Information System Analysis
Geographic Information System (GIS) analysis is employed to explore spatial 
distribution patterns of floods and droughts in the study area. GIS is also used to 
examine if there are underlying relationships among floods, droughts, and other 
geographic features that cannot be accomplished by statistical analysis. SURFER from 
the Golden Software Corporation and ArcGIS from Environment Systems Research 
Institute (ESRI) were chosen for GIS analysis. A series of thematic maps (isarithmic 
maps, dot maps, and choropleth maps) are created for GIS analysis.
Base Maps
Base maps are compiled from topographic maps, administrative unit maps, and 
hydrological maps from local departments. Digital elevation data comes from USGS 
HYDRO Ik Elevation Derivative Database (http://edcdaac.usgs.gov/gtopo3Q/ 
hydro/as dem.html), which is derived from the USGS 30 arc-second digital elevation 
model (DEM) of the world (GTOPO30). County-level data comes from Columbia 
University’s Socioeconomic Data and Application Center: http://sedac.ciesin.org/china/.
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Thematic Mapping
A thematic map is used to display the spatial pattern of a particular theme or 
attribute.'^ The main types of thematic maps are isarithmic (contour), dot, choropleth, 
and proportional symbol (size). In this study, isarithmic, dot, and choropleth mapping are 
used to show the temporal and spatial changes of flood and drought distributions in 
Jinhua Prefecture.
Isarithmic Mapping
Isarithmic or contour mapping is a planimetric representation of a 3-dimensional 
volume.'^ Lines are drawn on a 2-dimensional map to connect all points having the same 
numerical values, which are designated as z-values. Isarithmic maps are suitable to show 
both human and physical geographic measurements such as population density, per capita 
income, elevation, and rainfall, among many others.
SURFER is well suited for producing isarithmic maps. This study involved using 
SURFER to make maps that displayed anthropogenic and environmental influences on 
flood and drought distributions. Before any maps can be created, spatial datasets, i.e., 
colunm vectors of spatial data matrix, derived from EOF analysis had to be linked with 
geographic locations. A control point was placed at each county’s central position (Table 
7). The values associated with these points are the spatial dataset from EOF analysis.
T.A. Slocum, Thematic Cartography and Visualization (New Jersey: Prentice 
Hall, 1999)
14 Ibid.
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Table 7 Central point’s geographic coordinates in each county (in decimal degree)
County Lat centra! Long central Lat start Lat end Long start Long end
Dongyang 29.233333 120.408333 28.9667 29.5000 120.0833 120.7333
Jinhua 29.025000 119.616667 28.7333 29.3167 119.3000 119.9333
Lanxi 29.233333 119.558333 29.0167 29.4500 119.2167 119.9000
Pan’an 29.066667 120.533333 28.8167 29.3167 120.2833 120.7833
Pujiang 29.516667 119.908333 29.3500 29.6833 119.7000 120.1167
Yiwu 29.300000 120.050000 29.0333 29.5667 119.8167 120.2833
Yongkang 28.933333 120.125000 28.7667 29.1000 119.9000 120.3500
Wuyi 28.783333 119.541667 28.5167 29.0500 119.4500 119.6333
SURFER requires that data to be mapped is continuous over mapping areas. 
Although the data collected is spatially related, it is discrete and randomly spaced. To 
create a continuous surface from sample points, gridding methods are used to predict 
values at unmeasured locations from surrounding measured values. Different gridding 
methods have different interpretations of original data because each method calculates 
grid node values using a different algorithm.’̂  The kriging interpolation method, which 
is based on the assumption that the closest measured values has the most influences on 
the prediction areas, is used in this study.
The geographic coordinates of each county’s central point are determined by its 
minimum and maximum latitudes and longitudes. For example, Dongyang County’s 
minimum latitude is 28.9667 and maximum latitude is 29,5000. Therefore, the latitude of 
Dongyang County’s central point is 29.233333, which is the average of minimum and 
maximum latitudes. Dongyang County’s minimum longitude is 120.0833 and maximum 
longitude is 120.7333. The longitude of Dongyang County’s central point is 120.408333, 
which is the average of minimum and maximum longitudes.
16 Kevin Johnston et al., Using ArcGIS^^ Geostatistical Analyst (GIS by ESRI,
2001).
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The default grid that SURFER generates is a rectangle prescribed by the minimum 
and maximum latitude and longitude coordinates found within the original dataset. The 
blanking operation provided by SURFER blanks out the gridded data outside of mapped 
areas. This makes the study area more accurate on the maps. The results of isarithmic 
mapping are presented and discussed in chapter four.
Dot Mapping
A dot map uses uniform size symbols to illustrate the spatial distribution of 
phenomena. It can display a feature’s variation in density over time.
In this study, the 1025-year period from 961 A.D. to 1985 A.D. is subdivided into 
eleven periods with the first one continuing from 961 to 1000 and the last one from 1901 
to 1985. The numbers of flood and drought records in each of the eight counties during 
each of the eleven periods were computed. Other than the first and last periods, each of 
the other periods corresponds to one hundred year periods starting at 1001 A.D. The 
results are shown in Table 8 and Table 9. Table 8 is the flood frequency of occurrence by 
century, while Table 9 is the drought frequency of occurrence by century. Twenty-two 
dot maps based on the data from Table 8 and Table 9 were created using ArcGIS to show 
the spatial distribution of floods and droughts, during each of the eleven time periods.
The dots were placed randomly inside each county unit.
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Table 8 Flood frequency of occurrence by century in Jinhua Prefecture
^'XZ^tury
C o u n t^ \ 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 1985
Dongyang 0 7 25 14 8 11 10 24 4 19 25
Jthua 0 0 8 8 2 7 6 10 10 11 23
Lanxi 0 0 4 3 3 9 5 5 0 16 25
Pan’an 0 1 6 4 3 4 5 10 4 6 25
Pujiang 0 3 2 5 1 1 3 2 6 12 15
Yiwu 0 0 4 4 1 1 2 6 3 26
Yongkang 0 0 3 3 0 1 5 4 3 9 32
Wuyi 0 0 0 0 0 4 5 8 10 8 24
Table 9 Drought frequency of occurrence by century in Jinhua Prefecture
^'"C^tury
Count^\^ 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 1985
Dongyang 3 9 23 13 10 15 13 20 7 22 21
Jihua 0 0 11 3 4 11 10 10 7 6 17
Lanxi 0 0 6 3 2 8 8 4 1 7 19
Pan’an 1 0 6 4 7 5 7 16 7 18 29
Pujiang 1 2 3 3 1 0 15 7 8 12 14
Yiwu 1 0 1 3 2 7 11 6 4 9 17
Yongkang 0 1 1 2 2 3 9 16 10 10 27
Wuyi 0 0 0 0 0 6 11 17 19 20 23
Choropleth Mapping
The name choropleth comes from the Greek “choros” for “place”, and “plethos” for 
“a large number, magnitude or size”. Choropleth mapping systems are effective for 
displaying geographically distributed statistical data. In a choropleth map, data is 
classified according to a pre-defined classification scheme, and each area shown on the 
map has a color value that corresponds to its classified data value.
The 1025-year period (961-1985) was subdivided in the same way as that in the dot 
mapping process. The number of floods and droughts in each county, during each period,
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was computed. Because counties are different sizes, it is reasonable to think that a large 
county had more floods and droughts than a small county. To resolve this issue, the 
relative size was taken into account by dividing the number of floods and droughts in 
each county by its area in square kilometers.
Donyang County has the most flood and drought records of the eight counties. The 
number of floods per square kilometer during each of the eleven time periods in Donyong 
County is selected as a base number with an index of 100. Other counties are given 
higher or lower flood indexes based on the ratio of floods per square kilometer, compared 
to that of Dongyang County. The drought indexes are computed in the same way as 
flood indexes. The results are shown in Table 10 and Table 11. Table 10 is the flood 
index and Table 11 is the drought index by century in the eight counties. Twenty-two 
choropleth maps are created using ArcGIS to display the distribution of floods and 
droughts by century in Jinhua Prefecture.
Table 10 Flood index by century in Jinhua Prefecture
County\^ 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 1985
Dongyang NA 100 100 100 100 100 100 100 100 100 100
Jihua NA 0 27 48 21 54 51 35 212 49 78
Lanxi NA 0 22 29 51 111 68 28 0 114 135
Pan’an NA 25 42 50 65 63 87 72 174 55 174
Pujiang NA 88 16 74 26 19 62 17 309 130 124
Yiwu NA 0 27 48 21 15 34 42 126 62 175
Yongkang NA 0 21 38 0 16 89 30 133 84 227
Wuyi NA 0 0 0 0 45 61 41 306 52 118
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Table 11 Drought index by century in Jinhua Prefecture
C o u n ^ \^ 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 1985
Dongyang 100 100 100 100 100 100 100 100 100 100 100
Jihua 0 0 40 20 34 62 65 42 85 23 69
Lanxi 0 0 35 31 27 72 83 27 19 43 122
Pan’an 58 0 45 53 121 58 93 139 174 142 240
Pujiang 69 46 27 48 21 0 238 72 235 112 137
Yiwu 56 0 7 39 34 79 142 50 96 69 136
Yongkang 0 20 8 27 36 36 123 142 254 81 228
Wuyi 0 0 0 0 0 49 104 104 332 111 134
In this chapter frequency distribution and grade index ranking were introduced as 
the first procedure to convert qualitative data into quantitative format. Once the data was 
converted, statistical techniques of frequency analysis, moving average and Empirical 
Orthogonal Function, and GIS techniques of isarithmic mapping, dotting mapping and 
choropleth mapping were explained, illustrated and rationalized as viable methods to 
analyze data and produce appropriate charts and maps for this study.
The monthly frequency analysis was based on the data converted by frequency 
distribution. The purpose of frequency analysis was to reveal any monthly and seasonal 
distributions of floods and droughts in the study area. Data derived from the frequency 
distribution was also used to produce dot maps and choropleth maps for further analysis. 
Interpretation of dot and choropleth maps can define temporal and spatial distribution 
patterns of floods and droughts, and expose relationships between them and other 
relevant geographic features.
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Moving average and EOF analysis were based on the data from grade index ranking. 
Moving average and EOF were employed to find long-term flood and drought trends.
The dataset for isarithmic mapping was derived from EOF analysis to show if there were 
any underlying factors controlling the spatial distributions of floods and droughts.
The results of the data analysis are presented in the following chapter illustrated by 
the maps and charts produced.
CHAPTER FOUR 
FLOODS AND DROUGHTS IN JINHUA PREFECTURE
This chapter presents and explains the charts and maps created by methods 
described in chapter three. The chapter is organized to answer the three research 
questions raised in chapter one:
• What are the monthly and seasonal distributions of floods and droughts in the
study area? Are there any months or seasons more likely to have floods or 
droughts?
• What are general long-term trends related to floods and droughts? Are there
any centurial scale cycles regarding to floods and droughts?
• What are the spatial distributions of floods and droughts? Are there any
locations that are more susceptible to floods or droughts?
Statistical Analysis of Floods and Droughts
Statistical analysis for this study included frequency analysis, moving average and 
Empirical Orthogonal Function (EOF). Frequency analysis is used specifically to 
identify monthly and seasonal distributions of floods and droughts in the study area, 
while moving average and EOF are employed to investigate long-term flood and drought 
trends. The results are presented and analyzed in the following section.
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Frequency Analysis
The purpose of frequency analysis is to determine if there are any particular months 
or seasons that are more or less likely to have floods or droughts. Figure 8 shows the 
percentage of flood and drought occurrences in each month from 961 to 1985. The figure 
shows that November through February has the least occurrence of floods, while June to 
August has the greatest. The number of floods becomes significantly greater in April and 
reaches its maximum in June, with twenty-six percent of the total records. Although July 
and August still have relatively high numbers of floods, floods decrease gradually from 
June to October. As for seasonal distributions, summer has by far the most floods, 
followed by fall, spring, and winter.
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Fig. 8 Monthly frequency of floods and droughts in Jinhua Prefecture (961-1985)
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In terms of drought distribution, February to March shows the least occurrences and 
July to October the most. July is the maximum drought month with twenty-five percent 
of the total occurrences on records. The number of droughts increases significantly in 
June and reaches a maximum in July. August through October witnesses a downward 
trend in droughts, although the number remains high. Droughts have a small peak in 
October but decrease quickly in November and December. Concerning seasonal 
distributions, summer is by far the greatest, followed by fall, spring, and winter.
To examine wetness relative to dryness in each month, the probability of each 
month having floods is dividedly by the probability of each month having droughts. The 
resulting ratios are shown in Figure 9. The ratios are higher in the summer and low in 
winter, indicating that summer is moister than winter. In other words, winter is more 
likely to have droughts than floods, while summer is more likely to have floods than 
droughts. These results concur with the characteristics of monsoon climates in which 
most precipitation falls in summer.
It is understandable that summer is the worst for floods because most precipitation 
is in the summer. In Jinhua Prefecture, May through August has forty-five percent of the 
annual precipitation, while December to February has only fourteen percent of the annual 
precipitation. ‘ From the view of seasonal rainfall distribution, it is easy to think that most
* Jinhuashi difangzhi bianzuan weiyuanhui, Jinhuashi zhi, 58
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floods are in summer and most droughts in winter. But according to the results in this 
research, both floods and droughts occur mostly in summer.
Ratio of Roods to Droughts In Jinhua Prefecture
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Fig. 9 Ratio of floods to droughts by month in Jinhua Prefecture
To explain this phenomenon, it is necessary to recognize that there were no 
scientific measurements to gauge precipitation in ancient China. Droughts were recorded 
when insufficient rainfall caused damage to agriculture and human life.^ Precipitation in 
spring to fall (April to October) is critical for most agricultural activities. Any marked 
deficit of rainfall would have a significant impact on agriculture and was likely to be 
recorded as a drought. Even though there was actually less precipitation in winter than in 
summer, people would not recognize the deficit in winter as a drought.
 ̂Yao, “The Chronological and Seasonal Distribution of Floods and Droughts in 
Chinese History, 206 B.C -  A.D. 1911,” 273-312.
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Moving Average
Moving average is an average of data for a given number of periods. It is 
performed to find out if there are long-term trends or cycles in the data converted from 
gazetteers. Figure 10 shows the four 25-year flood and drought moving average in 
Jinhua Prefecture.
Four 25-year Flood and drought Moving Average 
in Jinhua Prefecture
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Fig. 10 Four 25-year period moving average in Jinhua Prefecture (961-1985)
In regards to the general trend, floods and droughts both have an upward trend since 
1336 A.D. However, droughts seem to increase more significantly compared to floods.
Another observation from Figure 10 is the existence of several flood and drought 
cycles as time goes on. There are four periods in which floods are in upward trends:
1111-1221, 1340-1470, 1580-1670 and 1786-1985. Floods are in downward trend during 
periods of 1221-1340, 1470-1580 and 1670-1770. Except the period from 1786 to 1985,
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Other flood periods lasted for 90 to 130 years. As for the droughts, the cycles are not as 
clear as the floods. There are more minor oscillations in the general upward trend. 
However, it is still clear that there are three periods in which droughts are in upward 
trend: 111 1-1230, 1470-1711, and 1800-1985, and two periods in which droughts are in 
downward trend: 1230-1320 and 1711-1800. Except the periods from 1470 to 1711 and 
from 1800 to 1985, other periods roughly have the duration of a century.
Previous research found there are wet and dry cycles in China. Zhu found there are 
400 to 800 year wet and dry cycles in China by studying flood and drought records.^ In 
the later 1970s, researchers found a centurial-scale (85 to i30 years) climate fluctuation in 
eastern China based on data from yearbooks, diaries and gazetteers. The results shown in 
Figure 10 coincide with these earlier findings.
While floods and droughts were closely related to climate changes, other non- 
climatic factors appear to correlate with and might help to explain the increase or 
decrease of flood and drought records observed in Figure 10. One such factor that stands 
out is the dynastic cycle, in which the emperors in a newly founded dynasty were 
preoccupied with securing and maintaining the “mandate of heaven” and therefore placed 
great emphasis on the revitalization of the examination and bureaucratic systems and 
addressing the problems of floods and droughts."  ̂ The government’s ability to address, if
 ̂Zhu, “Preliminary Research on Climate Changes in China over the last 5,000 
years,” 243-61.
Personal correspondence with Philip West, The University of Montana.
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not control, the problems of too much and too little water has been seen since the earliest 
periods of Chinese history, reaching back to the Shang and Zhou dynasties, as one 
measure for a ruler to claim he is holding heaven’s mandate. The Yuan dynasty may 
stand out as an exception, for reasons that go beyond the scope of this study. But this 
pattern may apply to the Sung (both North and South, 961-1279), the Ming (1369-1644), 
and Qing (1645-1912) Dynasties. The occurrence of both floods and droughts are 
relatively low in the early years of these dynasties and increase significantly in their later 
years, suggesting thus some possible correlation with imperial corruption and the 
viability and efficacy of central and local bureaucracies. The failure of floods and 
droughts to decline to the levels of a dynasty’s earlier rule may be explained by problems 
created by the increases in population pressures occurring throughout the millennium 
under study. If this pattern is valid, it would help to explain the dramatic increase in both 
floods and droughts in China from the mid-Qing period to the present day, when the 
Chinese population doubled in the 19*̂  century and almost tripled in the 20^ century.
Both floods and droughts have increased dramatically since the nineteenth century. 
Expanding human activities associated with population growth and food stress probably 
triggered this increase. Meanwhile, with the introduction of accurate instrument 
measurement, more detailed and complete records of floods and droughts could also 
contribute to this increase. To what extent these observations for all of China correlate 
with those for Jinhua prefecture could be explored in another study.
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The results of flood and drought oscillations in this study are based on visual 
observation of 25-year flood and drought moving average chart. Future research can be 
directed to examine the significance of centurial scale flood and drought oscillations in 
Jinhua Prefecture by means of spectral analysis, which will not be covered in this study.
Empirical Orthogonal Function
Empirical Orthogonal Function uses linear orthogonal transformation to separate 
original data into temporal and spatial two datasets. The temporal dataset is discussed in 
this section, while the spatial dataset is discussed in the next section.
Table 12 shows that the first EOF component explains 43.6 percent of the total 
variations in the original dataset. The second component explains 12.5 percent of the 
total variations, and the third component captures 11.1 percent of the total variations. 
Added together, the first three components catch about 67 percent of the total variations. 
Table 12 Variance explained by the first three principal components ^
nittal Eigenvalues Extraction Sums of Squared Loadings
Component Total % of Variance Cumulative % Total % of Variance Cumulative %
1 1.722 43.559 43.559 1.722 43.559 43.559
2 0.494 12.498 56.057 0.494 12.498 56.057
3 0.440 11.137 67.194 0.440 11.137 67.194
4 0.328 8.290 75.484
5 0.295 7.450 82.934
6 0.262 6.631 89.565
7 0.252 6.365 95.929
8 0.161 4.071 100.000
Extraction Vlethod: Principal Component Analysis.
 ̂Eigenvalues: A scalar Ï. is said to be an eigenvalue of a (n x n) matrix A if there is 
a nonzero (n x 1) column vector v for which Av = 1 v The vector v is called an 
eigenvector of matrix A associated the the eigenvalue X
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Ideally, the first two to three principal components in EOF analysis should occupy 
above 80 percent of the total variations. However, in historical research, the variations 
captured by the first several components are usually lower. One reason is that historical 
data was often recorded with many descriptions, which somehow reflected authors’ 
personal impressions for events. However, even considering these shortcomings, 
historical records still serve as a good data source for century to millennia scale historical 
research when quantitative data were scarce or not available.
In this study, the EOF analysis focuses on examining the first three components 
because each remaining component captures less than 10 percent of the total variations. 
Figure 11 shows the time series of the first three components. The first component shows 
significant fluctuation around 1160-1220, 1400-1700, and 1845-1985. The time periods 
of 1160-1220 and 1845-1985 have a great increase of floods and droughts, which roughly 
corresponds to the results of moving average analysis. The period of 1400-1700 concurs 
with the long-time drought period of 1470-1711 as is evident in the results from moving 
average analysis. According to Zhang and Crowley, there was a cold period from 1450 
to 1890 equivalent to the Little Ice Age in Europe (1400-1800).^ The increased 
fi-equency of droughts from 1470 to 1711 in Jinhua Prefecture is probably associated with 
this cold period. The second component has a similar distribution as the first, while the 
third component is hard to interpret in this case.
 ̂Zhang and Crowley, “Historical Climate Records in China and Reconstruction of 
Past Climates,” 833-849.
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Fig. 11 Temporal distributions of the first three principal components
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Spatial Analysis of Floods and Droughts
The latitude gradient in Jinhua Prefecture spans only 1°09' from 28*32' N to 29*41' 
N. However, the elevation extremes range from 23m to 1560m, which makes the 
elevation gradient significant. A diversity of landforms exists in Jinhua Prefecture. 
Lowland basins dominate the middle, while elevations increases to the north, east and 
south.
To investigate the spatial distribution of fioods and droughts in the study area, three 
thematic mapping techniques were employed in this section, Isarithmic maps are used to 
identify the main factors that control the spatial distribution of fioods and droughts in the 
study area. Dot mapping and choropleth mapping are applied to examine the spatial 
distributions of floods and droughts in the study area during different time periods.
Isarithmic Mapping
Isarithmic mapping involves using a set of quantitative lines to portray the 
undulating surface of a 3-dimensioal geographic volume. It is applied in this study to 
visualize the spatial distribution of the first three eigenvectors derived from EOF analysis, 
 ̂which represent three determining factors controlling the spatial distribution of floods 
and droughts in the study area.
 ̂ Eigenvectors: A scalar k is said to be an eigenvalue of a (n x n) matrix A if there 
is a nonzero (n x 1) colunm vector v for which Av = >. v. The vector v is called an 
eigenvector of matrix A associated the the eigenvalue k.
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Figure 12 shows the spatial distribution of the first eigenvector. It has a significant 
decrease from northwest to southeast. The greatest value of the first eigenvector is in 
Lanxi County with a value of positive 0.6 and lowest number in Pan’an County with a 
value of negative 0.3. This indicates that Lanxi County is more likely to have floods than 
other counties. The probability of flood occurring declines from northwest to southeast 
and reaches its lowest value in Pan’an County.
Fig. 12 Spatial distribution of the first eigenvector derived from EOF analysis. It 
decreases from + 0.6 in Lanxi County to -0.3 in Pan’an County. Isoline interval is 0.1.
To explain the spatial distribution of the first eigenvector, it is necessary to study 
the distributions of terrain and watersheds in Jinhua Prefecture. The topography of 
Jinhua is characterized by high elevations in the south, north, and east, but low elevations
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in the center. Central to the northwest is the Jinqu Basin, which is the largest red basin in 
Zhejiang Province. Most parts of Lanxi County are located in Jinqu Basin represented by 
relatively low elevations.
Jinhua has abundant water resources. Figure 13 shows the four watersheds in 
Jinhua Prefecture: Qiantangjiang, Oujiang, Caoejiang, and Jiaojiang.^ Qiangtangjiang 
watershed is the largest watershed and covers 85.49 percent of Jinhua’s total area. The Ju 
River from the southwest of Lanxi, and Jinhua River from the southeast of Lanxi 
converge into Lan River in Lanxi County, making Lanxi vulnerable to floods.
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Fig. 13 Hydrology system in Jinhua Prefecture
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Pan’an County is located in southeast mountainous ranges in the study area. Many 
tributaries of the Jinhua River originate in this county and ultimately converge into Lan 
River in Lanxi County. Being a converging point of many tributaries in the 
Qiantangjiang watershed, Lan River is susceptible to severe floods throughout history. 
This is illustrated by the first eigenvector that has the highest value in Lanxi County. On 
the other hand, Pan’an being a mountainous county, floods are not common. Therefore 
the most important factor that controls the spatial distribution of floods in the study area 
is terrain and watersheds.
The second eigenvector generally decreases from south to north as shown in Figure 
14. It has two low centers located in Jinhua County and Dongyang County, respectively. 
Jinhua, Dongyang, and the surrounding areas have a relatively long history of human 
settlement and intensive agriculture activities. Because agricultural activity in these areas 
is heavily dependent on normal distribution of rainfall, a decrease or delay of rainfall 
would have great impact on agriculture and likely be recorded as droughts.  ̂ The earliest 
and most comprehensive records of droughts are found in these regions. The second 
eigenvector could be associated with agriculture activity and human concerns about 
floods and droughts, although further research is needed to corroborate this hypothesis.
 ̂Yao, “The Chronological and Seasonal Distribution of Floods and Droughts in 
Chinese History, 206 B.C -  A.D. 1911, ” 273-312.
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Fig. 14 Spatial distribution of the second eigenvector derived from EOF analysis. It 
has two low centers o f-0.1 and -0.3 located in Jinhua County and Dongyang County, 
respectively. Isoline interval is 0.1.
The third eigenvector has a reverse distribution compared to that of the first 
eigenvector as shown in Figure 15. It has the highest value of +0.9 in the east and lowest 
value of -0.2 in the west. This is because the eastern part of Jinhua Prefecture is under 
the influence of the western Pacific subtropical high and the occurrence of typhoon, 
which often trigger severe floods in this area.^  ̂ In addition, soils in east Jinhua are 
mainly composed of fine clays, which also contribute to flood occurrences.
10 Wang and Zhao, “Droughts and Floods in China, 1470-1979,” 271-288.
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Fig. 15 Spatial distribution of the third eigenvector derived from EOF analysis. It 
increases from -0.2 in the west to +0.9 in the east. Isoline interval is 0.1.
Dot Mapping
Results from statistical analysis of moving average and Empirical Orthogonal 
Function showed that the occurrence of floods and droughts had a centurial scale 
fluctuation in Jinhua Prefecture. To further investigate this fluctuation, dot mapping was 
employed to expose the spatial variation of flood and drought occurrence over time in the 
study area.
To create dot maps, the 1025-year period from 961 A.D. to 1985 A.D. was 
subdivided into eleven periods with the first one continuing from 961 to 1000 and the last 
one from 1901 to 1985. Other than the first and last periods, each of the other periods
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corresponded to one hundred year periods starting at 1001 A.D. The numbers of flood 
and drought records in each of the eight counties during each of the eleven periods were 
computed and displayed as uniform size dots in a dot map. However, because the exact 
location of each flood or drought record is not available from gazetteers, the dots in each 
county are randomly positioned and do not show the specific locations of individual 
floods or droughts. Eleven flood frequency maps and eleven drought frequency maps 
were created (Appendix B). Figure 16 and Figure 17 are examples showing the spatial 
distribution of flood frequency during the time periods of 1101-1200 A.D. and 1901-1985 
A.D, in Jinhua Prefecture.
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Fig. 16 Spatial distribution of flood frequency during 1101-1200 A.D. Each dot 
represents a year in which a flood was recorded in a county’s gazetteer. The dots in each 
county are randomly positioned and do not show the specific locations of individual 
floods.
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The eastern part of Jinhua Prefecture had more flood records than the western part 
during the time period of 1101-1200 A.D. Maps for other periods showed similar 
distributional patterns (Appendix B). This could be contributed to different soil textures 
in the different regions. In the eastern Jinhua» fine-grained clays make water hard to 
infiltrate. In addition, watersheds in the eastern Jinhua include many small tributaries 
that are susceptible to flooding even with a relatively small amount of rainfall. In the 
western Jinhua, runoff can easily be diverted into Lan River, which is the largest river in 
Jinhua Prefecture. However, continuous rainfall in upriver regions can trigger severe 
floods in Lan River. Figure 17 shows that contemporary flood prone zones exist in Lanxi, 
Yongkang and Yiwu counties, where runoff converges in lowland basins contributing to 
severe floods.
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Fig, 17 Spatial distribution of flood frequency during 1901-1985 A.D. Each dot 
represents a year in which a flood was recorded in a county’s gazetteer.
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Analysis of flood maps also reveals a century scale flood fluctuation (Appendix B). 
A century of high flood frequency is generally followed by a century of low flood 
frequency, or vice versa. Counties in the east part of Jinhua Prefecture had low flood 
occurrences during 1301-1400, 1501-1600 and 1701-1800. Each period was followed by 
high occurrences of floods during 1401-1500, 1601-1700 and 1801-1900, respectively. 
Although the flood frequency in the west was lower compared to the east, it showed a 
similar century scale fluctuation.
As for droughts. Figure 18 and Figure 19 are examples showing the spatial 
distribution of drought frequency during the time periods of 1101-1200 A.D. and 1901- 
1985 A.D. in Jinhua Prefecture.
DongyangYiwu
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Fig. 18 Spatial distribution of drought frequency during 1101-1200 A.D. Each dot 
represents a year in which a drought was recorded in a county’s gazetteer.
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Donyang Counties had far more drought records than the other counties during the 
time period of 1101-1200 A.D. However, this was more likely the result of better 
documentation than actual high occurrence of droughts. Dongyang was a historical 
center for agriculture and human activities. A deficit or even a delay of rain would cause 
agricultural disasters and would likely be recorded as a drought.* ‘ Drought records 
increased significantly in other counties since 1500s when flood and drought occurrences 
were required to be written into historical documents by local governments.
Drought maps in Appendix B show there was a significant increase of droughts 
during the time periods of 1401-1700 A.D., compared to the century inunediately before 
and after. This drought intensive period roughly corresponds to the Little Ice Age in 
Europe (1400-1800).*^ The drought maps also show a centurial scale fluctuation, 
although the magnitude is not as significant as floods. In regard to spatial distribution, 
droughts are mainly concentrated in the north and south uplands, and the mountainous 
areas since 1500 A.D. Figure 19 shows contemporary drought prone zones are primarily 
distributed in Wuyi, Yongkang and Pan’an counties in the south, and in Pujiang County 
in the north.
** Yao, “The Chronological and Seasonal Distribution of Floods and Droughts in 
Chinese History, 206 B.C -  A.D. 1911,” 273-312.
Zhang and Crowley, “Historical Climate Records in China and Reconstruction of 
Past Climates,” 833-849.
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Fig. 19 Spatial distribution of drought frequency during 1901-1985 A.D. Each dot 
represents a year in which a drought was recorded in a county’s gazetteer.
Choropleth Mapping
Dot maps display the spatial variation of flood and drought frequency over time in 
the study area. Because counties have different sizes, it is reasonable to think that a large 
county has more floods and droughts than a small county. To resolve this problem, 
choropleth mapping was employed.
To create the choropleth maps, the 1025-year period (961-1985) was subdivided 
into the same eleven time periods as in the dot mapping process. The number of floods 
and droughts in each county during each period was then computed. The relative county 
size was taken into account by dividing the number of floods or droughts in each county
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during each time period by its area in square kilometers. To make the data easier to 
interpret, the number of floods or droughts per square kilometer during each of the eleven 
time periods in Donyong County was selected as a base number with an index of 100. 
Other counties were given higher or lower flood or drought indexes based on the ratio of 
its floods or droughts per square kilometer compared to that of Dongyang County.
Eleven flood index maps and eleven drought index maps were created (Appendix C). 
Figure 20 and Figure 21 are examples showing the spatial distribution of flood index 
during the time periods of 1401-1500 A.D. and 1901-1985 A.D. in Jinhua Prefecture.
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Fig.20 Spatial distribution of flood index during 1401-1500 A.D. To obtain the index, 
the number of floods in each county during 1401-1500 A.D. was divided by its area in 
square kilometers. The result of Donyong County was selected as a base number with an 
index of 100. Other county was given higher or lower flood indexes based on the ratio of 
its floods per square kilometers compared to that of Dongyang County.
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Figure 20 shows that the east and west Jinhua Prefecture had more floods than the 
north and south during 1401-1500 A.D. Lanxi County had the highest flood index, 
followed by Dongyang, Jinhua and Pan’an counties. The lowest flood index was in 
Pujiang, Yiwu, Yongkang and Wuyi counties. Further examination of the maps during 
1301-1400 A.D. and 1501-1600 A.D. show similar distributions (Appendix C). The 
results indicate that counties in the east and west are more prone to floods than those in 
the north and south throughout history.
Although counties in the east and west parts of Jinhua Prefecture were both in flood 
vulnerable zones in history, floods in the west were generally less frequent but more 
devastating. On the other hand, counties such as Dongyang and Pan’an were more likely 
to have frequent but less intensive floods. This is due to different soil texture, watersheds 
as mentioned in the previous dot mapping section.
Dongyang County had a higher flood index than most of the other counties from 
961-1601 A.D. However, the number has dropped since 1700 A.D. Figure 21 is an 
example showing the flood index in Dongyang County during 1901-1985 A.D, which is 
lower compared to the other counties. Human activity such as the construction of 
reservoirs probably reduced the flood occurrence in this area. As for flood prone zones, 
counties around Lan River are by far the most vulnerable areas.
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Fig. 21 spatial distribution of flood index during 1901-1985 A.D.
As for droughts. Figure 22 and Figure 23 are examples showing the spatial 
distribution of drought index during 1201-1300 and 1501-1600 A.D. Droughts were 
concentrated in the eastern parts of Jinhua Prefecture during 1201-1300 A.D. Counties in 
the north, south and west had the lowest drought index as shown in Figure 22. Maps 
during 961-1000, 1001-1100, 1101-1200 and 1301-1400 A.D. had similar distributional 
patterns (Appendix C). However, as mentioned before, this was more likely the result of 
better documentation than actual high occurrence of droughts in the east part of Jinhua
Prefecture from 961-1400 A.D.
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Fig. 22 Spatial distribution of drought index during 1201-1300 A.D.
Figure 23 shows a reversed distribution of drought index compared to that of Figure 
22. Droughts were concentrated in the northern and southern counties of Jinhua 
Prefecture during 1501-1600 A.D. The western counties had the lowest drought index, 
followed by the counties in the east. Maps for 1601-1985 A.D. in Appendix C also show 
counties in the north and south had more droughts than those in the east and west. 
Because the north and south parts of Jinhua Prefecture are mostly undulating to 
mountainous terrains, the results from Figure 23 indicate mountainous ranges are more
likely to have droughts than lowland basins in the study area.
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Fig. 23 Spatial distribution of drought index during! 501-1600 A.D.
This chapter presented and analyzed the charts and maps created by the methods 
described in chapter three, which included frequency analysis, moving average, EOF, 
isarithmic mapping, dot mapping and choropleth mapping. Results from frequency 
analysis indicated floods and droughts in Jinhua Prefecture had clear monthly and 
seasonal distributions. Floods are heaviest from June to August and least from November 
through February, while droughts are heaviest from July to October and least from 
February to March. Floods and droughts both occurred the most in summer, followed by
fall, spring and winter. However, the results of drought distributions should be held
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suspect as droughts were measured as the damage to human life instead of actual deficit 
of rainfall in Chinese historical documents.
Results from moving average and EOF analysis showed floods and droughts in 
Jinhua Prefecture were in upward trends. The greatest increase was during the time 
period from 1900-1985 with the result of increasing human activity and better 
documentation of flood and drought occurrence. Both moving average and EOF analysis 
show that floods and droughts in Jinhua Prefecture had a 90 to 130 year fluctuation. The 
results are in consistent with earlier research conducted in the late 1970s.
Results from isarithmic maps showed terrain and watersheds are the main factors 
controlling the flood occurrence in Jinhua Prefecture. Counties in the western part of 
Jinhua Prefecture are most vulnerable to floods due to low elevations and locations in 
converging points of main tributaries. The possibility of flood occurrence decreases 
gradually from west to east.
Dot maps of flood frequency revealed that there were more flood records in the 
eastern part of Jinhua Prefecture. Results from choropleth maps had similar 
distributional patterns. Choropleth maps further indicated areas in the eastern and 
western parts of the study area were more likely to have floods than areas in the north and 
south. However, although the east part of Jinhua Prefecture had more flood records, the 
flood magnitudes were generally less severe. Contrarily, floods in the western part of 
Jinhua Prefecture were less frequent but more devastating. Contemporary flood prone 
zones are mainly in the west and central lowland basins.
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Dot maps of drought frequency indicated droughts were concentrated in highland 
and mountainous regions in the north and south where rainfall easily ran off. Historically, 
there were some periods in which counties in the east had more drought records than 
other areas as were shown in the choropleth maps. However, this was more likely due to 
better documentation.
This study integrated statistical and GIS techniques in finding monthly and seasonal 
frequency of floods and droughts, long-term flood and drought trends and cycles, and 
flood and drought prone regions at a prefectural level based on the data derived from 
local gazetteers. The results are of practical value for local governments in planning 
flood and drought predicting and prevention systems. However, while gazetteers are 
among the most comprehensive and complete sources of data for historical research, data 
should be held suspect to accuracy. People responsible for collecting data were not above 
prejudice, selfishness, or questionable scholarly qualification.'^ More research should be 
conducted to verify and correct gazetteer data.
Kung-ch’uan Hsiao, Rural China: Imperial Control in the Nineteenth Century 
China (Seattle: University of Washington, 1960), Preface, vii-viii.
CHAPTER FIVE 
DISCUSSIONS AND CONCLUSIONS
Summary
This study was organized to investigate the spatial and temporal distribution of 
floods and droughts from a historical perspective at a prefecture level in the lower 
Yangtze region of China. The study area was Jinhua Prefecture in Zhjiang Province, 
China. Data for this research was acquired from gazetteers published in the later 1980s 
and early 1990s in Jinhua Prefecture, and the time covered in this study was from 961 
A.D. to 1985 A.D.
The research found that floods and droughts in Jinhua Prefecture had distinct 
monthly and seasonal distributions. Floods are greatest from June to August and lightest 
from November through February, while droughts are greatest from July to October and 
lightest from February to March. Floods and droughts occur mostly in June and July with 
twenty-six and twenty-five percent of the total occurrences on records, respectively. 
Regarding seasonal distributions, floods and droughts both have the most occurrences in 
summer, followed by fall, spring and winter. However, the results of drought 
distributions should be held with discretion, as droughts were considered as damage to 
human life instead of actual deficit of rainfall in Chinese historical documents.
Floods and droughts generally show upward trends since 961 A.D. in the study area. 
The greatest increase was during 1900-1985, which can be contributed to increasing
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human activities associated with population growth and food stress and better 
documentation of flood and drought occurrences. The study also found that floods and 
droughts in the study area had a 90 to 130 year fluctuation. The results are in consistent 
with earlier research conducted in the late 1970s which indicated that climate in eastern 
China had a centurial scale fluctuation.* However, the flood and drought oscillation 
found in this study is based on visual observation of charts and maps produced by 
statistic and GIS methods. Spectral analysis can be used to examine the significance of 
this oscillation quantitatively, which is beyond the scope of this study.
Terrain and watersheds are two primary physical factors controlling flood 
occurrences in Jinhua Prefecture. Areas in the western part of Jinhua Prefecture being in 
low elevations and at converging points of main tributaries are most vulnerable to floods. 
The possibility of flood occurrence decreases gradually from west to east with increasing 
elevations. Soil textures and typhoons also contributed to the occurrence of floods. The 
frequent influence of typhoons makes the eastern part of the study area susceptible to 
floods only after the western part. Soil textures of fine-grained clay also contribute to 
floods in the east. Contemporary flood prone zones are mainly in the west and central 
lowland basins, while drought prone zones are in highland and mountainous regions of 
the northern and southern parts of the study area.
* Beijing Atlas Press, Collection o f Maps on the Distribution o f Droughts and 
Floods in China over the past 500 years.
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Flood and drought distributions are also influenced by human settlements and 
agricultural activities. Areas with a long history of human activities often had more 
records of floods and droughts. People in cultural and economic centers were more likely 
to keep better records of climate anomalies such as floods and droughts in written 
documents than those in remote hinterlands. Therefore, the difference of flood and 
drought frequencies in different areas reflected not only the occurrences of floods and 
droughts but also the difference in documentation. The results obtained in this study 
should be interpreted with caution.
This study integrated traditional statistical analysis and GIS techniques in studying 
the flood and drought distributions at a prefecture level based on the data derived from 
gazetteers. The study explored the monthly and seasonal distributions of floods and 
droughts, revealed the long-term flood and drought trend and cycles, and delineated flood 
and drought prone regions in the study area. The results are of practical value for local 
governments in planning flood and drought predicting and prevention systems. Future 
flood mitigating efforts should be focused on the western part of Jinhua Prefecture along 
the Lan River. In the meantime, drought programs should be devoted to help people in 
the north and south parts of the study area creating water storing facilities such as the 
building of reservoirs.
This study relied on the data from gazetteers, which often includes extensive 
descriptive information. While gazetteers are among the best data sources for historical 
research for periods when quantitative data are scarce or not available, data should be
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used with caution. People responsible for collecting data were not above prejudice, 
selfishness, or questionable scholarly qualification.^ In addition, it was not uncommon 
that local officials would exaggerate the severity of floods and droughts in order to obtain 
benefits such as tax-cut and government subsidies. Efforts should be undertaken to check 
the accuracy of gazetteer data from other data sources such as tax reports, weather 
reports, diaries and family lineages.
Suggestions for Future Study
Based on the data acquired from prefectural and county level gazetteers, this study 
investigated the spatial and temporal distribution of floods and droughts at a prefectural 
level in the lower Yangtze region of China. The gazetteer data was used to examine 
monthly and seasonal distributions of floods and droughts, to reveal long-term flood and 
drought trend and cycles, and to delineate flood and drought prone regions in the study 
area.
However, the flood and drought prone zones delineated in this study were over 
county-level scales that may not be precise enough for local governments to make prompt 
and cost-efficient flood and drought preventing plans. While exact locations of flood and 
drought occurrences were scarce from county-level gazetteers, it is possible to obtain
 ̂ Hsiao, Rural China: Imperial Control in the Nineteenth Century China, Preface, 
vii-viii.
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such information from local diaries, village and township chronicles and family lineages. 
Further research can be organized to collect data from these sources and use the same 
methods introduced in this study to delineate more detailed flood and drought prone 
zones.
As mentioned in the previous section, data from gazetteers were in qualitative 
format with numerous descriptions that could reflect the authors’ personal bias of the 
events. Furthermore, it was not uncommon that some gazetteer records were 
intentionally modified for economic or political purposes. Therefore, it was necessary to 
check the validity of gazetteer data and the results derived from it.
One possible practice involves using multiple data sources such as tax reports, 
weather reports, diaries and family lineages. For example, records of decreasing yields or 
tax-cuts could be correlated with severe floods or droughts. Great migrations may also 
correlate with climate changes. Although these alternative sources may not be complete 
enough for county, prefecture and province level study, they can serve as good sources 
for data checking.
In addition, climatic observations such as precipitation, temperature and relative 
humidity based on instrumental measurement has become available in counties since the 
1950s. These data can be analyzed using the same methods introduced in this study. If 
results are similar between direct measurements and the gazetteer data, it can be strong 
evidence for the reliability of gazetteer data.
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Climograph for Jinhua County In 1999
350
300
250
i  200
15 <tt
o 150
10 o.
•5 100
0
Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec
Months of the Year 
Climograph for LanxI County In 1999
30350
300
% 250
20
is 200
15 ®
o 150
10 S.
•n 100
50
0
Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec
Months of the Year
73
74
Climograph for Dongyang County in 1999
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Climograph for Yiwu County in 1999
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Climograph for Yongkang County in 1999
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Climograph for Wuyi County in 1999
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Climograph for Pujiang County in 1999
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APPENDIX B
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Spatial distribution of flood frequency during 961-1000 A.D. 
There were no flood records in all eight counties during 
961-1000 A.D.
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Spatial distribution of flood frequency during 1001-1100 A.D.
Each dot represents a year in which a flood was recorded
in a county’s gazetteer.
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Spatial distribution of flood frequency during 1101-1200 A 
Each dot represents a year in which a flood was recorded 
in a county’s gazetteer.
Spatial distribution of flood frequency during 1201-1300 A.D. 
Each dot represents a year in which a flood was recorded 
in a county’s gazetteer.
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Floods Frequency 
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Spatial distribution of flood frequency during 1301-1400 A.D. 
Each dot represents a year in which a flood was recorded 
in a county’s gazetteer.
Spatial distribution of flood frequency during 1401-1500 A.D. 
Each dot represents a year in which a flood was recorded 
in a county’s gazetteer.
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Spatial distribution of flood frequency during 1501-1600 A.D.
Each dot represents a year in which a flood was recorded
in a county’s gazetteer.
Spatial distribution of flood frequency during 1601-1700 A.D.
Each dot represents a year in which a flood was recorded
in a county’s gazetteer.
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Spatial distribution of flood frequency during 1701-1800 A.D. 
Each dot represents a year in which a flood was recorded 
in a county’s gazetteer.
Spatial distribution of flood frequency during 1801-1900 A.D. 
Each dot represents a year in which a flood was recorded 
in a county’s gazetteer.
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Spatial distribution of flood frequency during 1901-1985 A.D.
Each dot represents a year in which a flood was recorded
in a county’s gazetteer.
Spatial distribution of drought frequency during 961-1000 A.D.
Each dot represents a year in which a drought was recorded
in a county’s gazetteer.
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Spatial distribution of drought frequency during 1001-1100 A 
Each dot represents a year in which a drought was recorded 
in a county’s gazetteer.
Spatial distribution of drought frequency during 1101-1200 A.D. 
Each dot represents a year in which a drought was recorded 
in a county’s gazetteer.
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(1301-1400)
Droughts Frequency 
(1201-1300)
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Spatial distribution of drought frequency during 1201-1300 A 
Each dot represents a year in which a drought was recorded 
in a county’s gazetteer.
Spatial distribution of drought frequency during 1301-1400 A.D. 
Each dot represents a year in which a drought was recorded 
in a county’s gazetteer.
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(1501-1600)
I *1 1 Dot*1
Spatial distribution of drought frequency during 1401-1500 A.D.
Each dot represents a year in which a drought was recorded
in a county’s gazetteer.
Spatial distribution of drought frequency during 1501-1600 A.D.
Each dot represents a year in which a drought was recorded
in a county’s gazetteer.
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Spatial distribution of drought frequency during 1601-1700 A.D.
Each dot represents a year in which a drought was recorded
in a county’s gazetteer.
Spatial distribution of drought frequency during 1701-1800 A.D.
Each dot represents a year in which a drought was recorded
in a county’s gazetteer.
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Spatial distribution of drought frequency during 1801-1900 A.D.
Each dot represents a year in which a drought was recorded
in a county’s gazetteer.
Spatial distribution of drought frequency during 1901-1985 A.D.
Each dot represents a year in which a drought was recorded
in a county’s gazetteer.
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Spatial distribution of flood index during 961-1000 A.D. 
Because there were no flood records in all eight counties 
during 961-1000 A.D., the indexes were set to less than 
50 for all counties.
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Spatial distribution of flood index during 1001-1100 A.D. To 
obtain the index, the number of floods in each county during 
1001-1100 A.D. was divided by its area in square kilometers. 
The result of Donyong County was selected as a base number 
with an index of 100. Other county was given higher or lower 
flood indexes based on the ratio of its floods per square 
kilometers compared to that of Dongyang County.
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Spatial distribution of flood index during 1101-1200 A.D. To 
obtain the index, the number of floods in each county during 
1101-1200 A.D. was divided by its area in square kilometers. 
The result of Donyong County was selected as a base number 
with an index of 100. Other county was given higher or lower 
flood indexes based on the ratio of its floods per square 
kilometers compared to that of Dongyang County.
Spatial distribution of flood index during 1201-1300 A.D. To 
obtain the index, the number of floods in each county during 
1201-1300 A.D. was divided by its area in square kilometers. 
The result of Donyong County was selected as a base number 
with an index of 100. Other county was given higher or lower 
flood indexes based on the ratio of its floods per square 
kilometers compared to that of Dongyang County.
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Spatial distribution of flood index during 1301-1400 A.D. To 
obtain the index, the number of floods in each county during 
1301-1400 A.D. was divided by its area in square kilometers. 
The result of Donyong County was selected as a base number 
with an index of 100. Other county was given higher or lower 
flood indexes based on the ratio of its floods per square 
kilometers compared to that of Dongyang County.
Spatial distribution of flood index during 1401-1500 A.D. To 
obtain the index, the number of floods in each county during 
1401-1500 A.D. was divided by its area in square kilometers. 
The result of Donyong County was selected as a base number 
with an index of 100. Other county was given higher or lower 
flood indexes based on the ratio of its floods per square 
kilometers compared to that of Dongyang County.
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Spatial distribution of flood index during 1501-1600 A.D. To 
obtain the index, the number of floods in each county during 
1501-1600 A.D. was divided by its area in square kilometers. 
The result of Donyong County was selected as a base number 
with an index of 100. Other county was given higher or lower 
flood indexes based on the ratio of its floods per square 
kilometers compared to that of Dongyang County.
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Spatial distribution of flood index during 1601-1700 A.D. To 
obtain the index, the number of floods in each county during 
1601-1700 A.D. was divided by its area in square kilometers. 
The result of Donyong County was selected as a base number 
with an index of 100. Other county was given higher or lower 
flood indexes based on the ratio of its floods per square 
kilometers compared to that of Dongyang County.
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Spatial distribution of flood index during 1701-1800 A.D. To 
obtain the index, the number of floods in each county during 
1801-1800 A.D. was divided by its area in square kilometers. 
The result of Donyong County was selected as a base number 
with an index of 100. Other county was given higher or lower 
flood indexes based on the ratio of its floods per square 
kilometers compared to that of Dongyang County.
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Spatial distribution of flood index during 1801-1900 A.D. To 
obtain the index, the number of floods in each county during 
1801-1900 A.D. was divided by its area in square kilometers. 
The result of Donyong County was selected as a base number 
with an index of 100. Other county was given higher or lower 
flood indexes based on the ratio of its floods per square 
kilometers compared to that of Dongyang County.
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Spatial distribution of flood index during 1901-1985 A.D. To 
obtain the index, the number of floods in each county during 
1901-1985 A.D. was divided by its area in square kilometers. 
The result of Donyong County was selected as a base number 
with an index of 100. Other county was given higher or lower 
flood indexes based on the ratio of its floods per square 
kilometers compared to that of Dongyang County.
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Spatial distribution of drought index during 961-1000 A.D. To 
obtain the index, the number of droughts in each county during 
961-1000 A.D. was divided by its area in square kilometers. 
The result of Donyong County was selected as a base number 
with an index of 100. Other county was given higher or lower 
drought indexes based on the ratio of its droughts per square 
kilometers compared to that of Dongyang County.
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Spatial distribution of drought index during 1001-1100 A.D. 
To obtain the index, the number of droughts in each county 
during 1001-1100 A.D. was divided by its area in square 
kilometers. The result of Donyong County was selected as a 
base number with an index of 100. Other county was given 
higher or lower drought indexes based on the ratio of its 
droughts per square kilometers compared to that of 
Dongyang County.
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Spatial distribution of drought index during 1101-1200 A.D. 
To obtain the index, the number of droughts in each county 
during 1101-1200 A.D. was divided by its area in square 
kilometers. The result of Donyong County was selected as a 
base number with an index of 100. Other county was given 
higher or lower drought indexes based on the ratio of its 
droughts per square kilometers compared to that of 
Dongyang County.
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Spatial distribution of drought index during 1201-1300 A.D. 
To obtain the index, the number of droughts in each county 
during 1201-1300 A.D. was divided by its area in square 
kilometers. The result of Donyong County was selected as a 
base number with an index of 100. Other county was given 
higher or lower drought indexes based on the ratio of its 
droughts per square kilometers compared to that of 
Dongyang County.
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Spatial distribution of drought index during 1301-1400 A.D. 
To obtain the index, the number of droughts in each county 
during 1301-1400 A.D. was divided by its area in square 
kilometers. The result of Donyong County was selected as a 
base number with an index of 100. Other county was given 
higher or lower drought indexes based on the ratio of its 
droughts per square kilometers compared to that of 
Dongyang County. soLA
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spatial distribution of drought index during 1401-1500 A.D. 
To obtain the index, the number of droughts in each county 
during 1401-1500 A.D. was divided by its area in square 
kilometers. The result of Donyong County was selected as a 
base number with an index of 100. Other county was given 
higher or lower drought indexes based on the ratio of its 
droughts per square kilometers compared to that of 
Dongyang County.
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Spatial distribution of drought index during 1501-1600 A.D. 
To obtain the index, the number of droughts in each county 
during 1501-1600 A.D. was divided by its area in square 
kilometers. The result of Donyong County was selected as a 
base number with an index of 100. Other county was given 
higher or lower drought indexes based on the ratio of its 
droughts per square kilometers compared to that of 
Dongyang County.
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Spatial distribution of drought index during 1601-1700 A.D. 
To obtain the index, the number of droughts in each county 
during 1601-1700 A.D. was divided by its area in square 
kilometers. The result of Donyong County was selected as a 
base number with an index of 100. Other county was given 
higher or lower drought indexes based on the ratio of its 
droughts per square kilometers compared to that of 
Dongyang County.
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Spatial distribution of drought index during 1701-1800 A.D. 
To obtain the index, the number of droughts in each county 
during 1701-1800 A.D. was divided by its area in square 
kilometers. The result of Donyong County was selected as a 
base number with an index of 100. Other county was given 
higher or lower drought indexes based on the ratio of its 
droughts per square kilometers compared to that of 
Dongyang County.
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Spatial distribution of drought index during 1801-1900 A.D. 
To obtain the index, the number of droughts in each county 
during 1801-1900 A.D. was divided by its area in square 
kilometers. The result of Donyong County was selected as a 
base number with an index of 100. Other county was given 
higher or lower drought indexes based on the ratio of its 
droughts per square kilometers compared to that of 
Dongyang County.
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Spatial distribution of drought index during 1901-1985 A.D. 
To obtain the index, the number of droughts in each county 
during 1901-1985 A.D. was divided by its area in square 
kilometers. The result of Donyong County was selected as a 
base number with an index of 100. Other county was given 
higher or lower drought indexes based on the ratio of its 
droughts per square kilometers compared to that of 
Dongyang County.
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APPENDIX D
Numeric graded index data converted from qualitative descriptions in original gazetteers 
in Jinhua Prefecture. Date in Gregorian calendar
County: D oangyang
Type Year Month Index Type Year Month Index
Floods 1011 7 2 Droughts 961 6.7,8 -2
1026 10 2 998
1028 8,9 2 999 4
1061 8 1 1007 6
1072 3 2 1012 6
1095 7 1 1044
1099 7 1 1070
1104 10 1 1075 8.9 -2
1106 5 1 1080 4
1116 10 2 1089 7
1118 7 1 1097 7
1124 4 1 1098
1131 3 1 1101
1132 6 2 1102
1133 7 2 1109
1134 5,6 2 1134 7,8,9 -2
1135 6 2 1135 9
1139 1 1138
1140 1 1148
1144 2 1154
1148 9 2 1159 10
1155 2 1160 10 -2
1166 2,3,4.5 3 1163
1170 7,8.9.10 3 1170
1174 9 2 1171 4
1176 9 2 1173
1183 6 2 1174 7
1185 7 1 1175 10
1193 5,6 2 1180 5,6,7,8,9,10 -4
1197 10 1 1181 8,9,10,11,12 -3
1199 10 1 1182 6
1200 6 2 1187 6.7 -2
1206 6 2 1192
1209 6 2 1193 9
1210 4 2 1194 1.2,3,4,5,6,7 -4
1213 7,8 2 1202 8 -1
99
100
1216 5,6.7 2 1204 6.7.8 -2
1222 8 2 1205 6,7,8.9.10.11.12 -4
1239 8 2 1207 7.10 -2
1242 8 1 1208 7 -1
1251 1 1214 7 -1
1252 7 2 1215 4,5.6,7.8 -3
1259 6 2 1217 8 -2
1291 9 2 1221 -2
1292 7 2 1239 -2
1298 7 1 1240 7 -2
1307 8 1 1276
1328 4 1 1278 10
1330 9 2 1329 7
1331 9 2 1333
1341 5 1 1334
1377 10 2 1335 -2
1387 2 1336 4.5,6.7 -3
1398 7 2 1341 -2
1401 7 2 1352 5.6.7,8 -3
1416 6,8 2 1353 10 -2
1440 7.8 2 1356 -2
1446 7 1 1369 6,7.8 -2
1460 5.6 2 1415 -1
1461 8 2 1416 7 -2
1465 8 1 1434 7,10 -2
1474 5 2 1437 -2
1476 9 2 1438 7 -2
1491 9 1 1441 4.5,6,7 -3
1492 8 1 1442 -2
1521 2 1457 7.8 -2
1529 6 2 1459 -1
1537 2 1486 4.7 -2
1539 7 1 1487 10 -2
1569 6,7 2 1489 -1
1579 6 2 1490 -2
1586 7 2 1491 7 -2
1591 8 2 1498 -1
1592 2 1508 -2
1598 5,10 2 1524 -2
1609 5 2 1534 -2
1614 1 1545 -2
1637 7.8 2 1548 -2
1640 1.6 2 1550 6.7,8 -2
1644 8 2 1557 -2
1645 8 2 1568 -2
1650 7 1 1587 -1
1653 8 2 1588 7 -1
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1657 7 1 1589 7.8.9 -2
1659 6 2 1590 7 -1
1660 8 1 1598 5,6,7,8,9 -3
1665 6,8 2 1636 10 -2
1667 5,9 2 1640 7 -1
1668 6 1 1641 -2
1670 7 1 1642 -2
1672 8 1 1643 -2
1675 6 1 1644 5,6,7,8,9,10 -4
1676 4,5,6,7 3 1646 5,6,7,8,9,10 -4
1681 6 1 1651 -2
1682 6 1 1653 -1
1683 3,4,5 2 1655 5 -1
1686 5 1 1656 7,10 -2
1690 6 2 1661 5,6,7,8,9,10 -4
1698 2 1664 -2
1721 1 1670 -1
1735 7 2 1671 6,7,8,9,10 -3
1780 8 2 1674 7,8,9,10,11,12 -4
1800 7 2 1675 1,10 -2
1801 8 2 1676 10 -1
1804 6 2 1680 -1
1820 8 2 1700 10 -2
1823 6 2 1716 10 -2
1833 8 1 1719 7,8.9,10 -3
1835 9 2 1721 10 -2
1837 8 2 1723 7 -2
1838 8 1 1738 -1
1850 6,8 2 1751 10 -2
1854 8 2 1752 -1
1857 8 2 1802 7 -2
1861 9 2 1811 7 -2
1876 6 2 1820 6,7,8 -2
1878 6 2 1825 7 -1
1883 6 2 1826 7 -1
1884 4 2 1832 -2
1889 6 2 1835 7,10 -2
1897 6 2 1845 -1
1900 7 2 1846 6,7,8 -2
1910 2.7,8 2 1847 -1
1911 7,8 2 1848 -1
1915 2 1849 -1
1922 8 2 1850 7,8 -2
1926 10 2 1852 6,7,8,9 -3
1928 10 2 1856 6.7,8 -2
1929 2 1863 6,7,8 -2
1931 9 2 1864 6,7,8,9,10,11,12 -4
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1935 7 1 1865 1 -1
1942 7 1 1870 7.8.9.10 -3
1943 7 2 1875 7 -1
1947 5,6 1 1879 7.8 -2
1950 6 2 1895 7 -1
1954 5,6 2 1902 -2
1955 6 2 1909 -1
1961 5 2 1913 7 -2
1962 6.8,9 2 1914 7 -2
1963 1 1924 -2
1971 6 2 1929 -1
1972 6 2 1934 7 -2
1973 5.6,9 2 1944 -1
1979 8 2 1945 -1
1982 8 2 1946 -1
1984 7 2 1947 -1
1985 7 1 1951 7.8,9 -2
1953 7.8,9 -2
1954 7.8,9 -2
1958 6,7 -2
1961 6.7.8,9 -3
1964 7.8,9,10 -3
1967 7,8,9,10,11 -3
1978 9,10 -2
1979 9,10 -2
1985 4.5,6 -2
County: Jinhua
Type Year Month Code Type Year Month Code
Floods 1131 6 2 Droughts 1134 7,8,9 -2
1135 6 3 1135 9 -1
1144 6 2 1138 -1
1148 9 1 1160 -1
1185 7 1 1171 4,10 -2
1197 10 1 1173 -1
1199 2 1180 8,9,10 -2
1200 6 2 1181 8,9,10,11,12 -3
1209 2 1182 6,7.8 -2
1210 6 2 1187 6,7,8,9.10 -3
1216 6 2 1193 7.8,9 -2
1222 8 2 1205 7 -2
1242 8 2 1215 4.5.6.7.8.9 -3
1252 7 2 1221 -1
1259 6 1 1336 6,7 -2
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1291 9 1 1353 -2
1330 2 1356 -2
1400 7 2 1369 6.7.8 -2
1401 7 2 1416 7 -2
1416 6.8 2 1434 7.10 -2
1440 7.8 2 1457 7.8 -2
1443 2 1476 -2
1460 5.6 2 1485 -1
1474 1 1486 -1
1476 9 2 1487 -1
1529 6 2 1488 -1
1539 7 1 1489 -1
1540 1 1 1490 -1
1561 6 2 1498 7 -1
1574 10 2 1508 -1
1596 4 1 1524 -2
1627 6.9 2 1539 7.8,9.10,11,12 -4
1635 6 2 1544 -1
1670 8 2 1568 6,7.8.9 -3
1680 2 1575 -2
1681 6 1 1587 -1
1682 6 1 1588 -1
1683 4 1 1589 -1
1686 5 1 1598 6,7,8,9.10,11 -4
1698 2 1612 4.7 -2
1699 2 1636 -2
1714 2 1646 -2
1716 7 2 1655 -1
1780 2 1664 6,7,8,9 -3
1783 4 1 1671 6,7,8,9.10 -3
1784 2 1678 -2
1785 2 1693
1788 6 2 1696
1791 6 1 1697
1794 4 1 1719 -2
1800 7 2 1721
1801 7 2 1722
1802 5.6 2 1747
1814 2 1751
1820 8 2 1756
1850 6.9 2 1781 5.6 -2
1854 2 1802 10 -2
1878 2 1820 6,7.8 -2
1882 6 2 1835 7 -2
1883 5 1 1846 -2
1886 2 1852 7.8.9,10 -3
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1889 8 2 1882 8 -1
1901 6 2 1907 8.9.10 -2
1915 7 2 1909 -1
1916 1 1911 6.7,8 -2
1922 7.8 3 1914 6.7.8 -2
1924 7 1 1924 7,8 -2
1928 8,10 2 1934 7.8,9 -2
1933 7 2 1940 7 -1
1935 7 1 1944 7,8 -2
1937 6.7 2 1945 5.6.7.8 -3
1939 8 2 1947 9.10 -2
1940 10 1 1953 7,8 -2
1942 4,5.8.7 3 1954 8 -1
1943 7 2 1957 8.9 -2
1947 9 2 1967 7.8.9.10 -3
1950 9 1 1971 7 -1
1953 8 2 1973 8 -1
1954 5.6 2 1978 6.7.8,9 -3
1955 6 2
1962 9 1
1969 5 1
1973 5.6 2
1975 8 2
1984 6.7 2
County: Lanxi
Type Year Month Code Type Year Month Code
Floods 1134 5,6 2 Droughts 1119 -1
1144 6 4 1171 4,10 -2
1197 2 1173 -1
1200 6 2 1180 8,9,10 -2
1216 7 1 1182 4 -1
1222 8 2 1193 1,2,3,4,5,6,7 -4
1240 8 2 1204 6,7,8 -2
1330 9 3 1205 7,8,9 -2
1384 5 1 1215 4,5,6,7,8,9 -4
1400 7 2 1356 -2
1416 8 2 1374 7 -2
1427 6 2 1433 6,7,8,9 -3
1436 7 1 1440 -2
1440 2 1457 7,8 -2
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1443 2 1485 -2
1460 5,6 2 1486 -2
1482 4 1 1487 -2
1483 2 1488 6,7,8,9 -3
1496 7 2 1493 6,7,8,9 -3
1510 5 1 1508 6,7,8,9,10,11,12 -4
1539 6.7 2 1509 1 -1
1562 7 2 1511 -1
1566 3 1 1544 -2
1588 2 1568 6,7,8,9 -3
1622 9 2 1575 -1
1642 2 1588 -2
1649 4 1598 -2
1655 1 1636 -2
1683 4 1 1646 -1
1820 2 1647 -2
1828 2 1671 7,10 -2
1845 12 1 1751 6,7 -2
1853 8 1 1835 5,6,7,8,9,10,11,12 -4
1855 6.9 2 1836 1,2,3,4 -3
1861 2 1852 6,7 -2
1862 2 1 1863 7 -2
1865 5.9 2 1867 7 -2
1867 7 1 1879 6,7,8 -2
1878 6 2 1894 -1
1879 7 1 1907 9 -1
1882 6 2 1909 -1
1883 7.8 2 1914 7,8,9 -2
1884 6 1 1924 -2
1886 8 2 1934 7,8,9,10 -3
1891 3 2 1944 10 -2
1901 6 2 1951 7,8,9 -2
1904 7 2 1953 7,8 -2
1912 1 1956 6,7,8 -2
1914 5 3 1958 10,11,12 -2
1915 7 2 1959 9,10 -2
1916 1 1960 9,10,11 -2
1922 9 1 1961 6,7,8,9 -3
1923 8 2 1963 12 -1
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1928 6 2 1964 1,2 ,3 ,7 ,8 ,9 ,11 ,12 -4
1929 7 3 1965 1,2 -2
1931 6 1 1967 7,8,9,10,11 -3
1932 2 1969 10,11 -2
1935 7 2 1971 6 ,7 ,8 ,10 ,11 ,12 -4
1942 5 2 1973 10,11,12 -2
1947 9 2 1979 6,7 ,8 ,9 ,10,11 -4
1949 7 1 1983 7,8 -2
1950 6 1
1951 4,5,6 2
1952 5.6,7 3
1953 6.11 2
1954 5.6,7 3
1955 6 4
1956 8 1
1958 3.4,5 2
1959 6 1
1960 6 1
1961 6 2
1962 4,5,6,7,9 3
1963 4 1
1964 5 2
1965 6 2
1966 7 2
1967 3,6 2
1968 7 1
1969 5,6,7 2
1970 3,4,5,6 3
1971 5.6 2
1972 8 1
1973 4,5,6 2
1982 6 2
1983 4,5,6.7,9 3
County: Pan'an
Type Year Month Code Type Year Month Code
Floods 1045 2 Droughts 961 6.7,8 -2
1108 1 1133 10 -1
1135 6 2 1135 9 -1
1144 2 1154 5,6,7,8.9.10 -4
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1196 7 2 1169 -2
1197 10 1 1171 10 -1
1199 1 1173 7.10 -2
1206 6 2 1207 -2
1216 1 1215 -1
1222 1 1275 -1
1229 8,9.10 2 1278 10 -1
1330 2 1307 -2
1384 9 1 1329 7 -2
1387 2 1334 -2
1409 9 2 1335 -2
1416 6.8 2 1336 4.5,6,7,8,9 -4
1440 7,8 2 1353 10 -2
1483 2 1390 7.10 -2
1529 8 2 1402 7 -1
1539 7 1 1404 4,7 -1
1569 8 1 1413 6.7 -2
1592 2 1438 -2
1595 4 1 1491 -2
1634 4,8 2 1508 6,7,8,9.10,11 -4
1637 7,8 2 1545 5,6,7 -2
1644 8 1 1557 -2
1650 7 1 1579 7,8 -2
1660 8 1 1587 -2
1665 1.7 2 1589 -2
1667 5,9 3 1598 5,6.7,8,9 -3
1670 7 1 1636 10 -2
1676 4,5,6,7 3 1643 -2
1681 4.5,6.7 3 1647 -1
1735 7 1 1654 7,10 -2
1740 2 1655 -2
1780 8 2 1661 5,6,7,8,9,10 -4
1800 7 2 1664 -1
1854 8 2 1670 -1
1875 4.5,6,7 3 1671 -1
1876 6 2 1674 7,8,9,10,11,12 -4
1878 4,5,6,7 3 1675 1.2,10 -2
1884 5 2 1676 -1
1889 6 2 1677 -1
1910 2,7 2 1696 -2
1911 8 1 1697 -2
1915 2 1700 10 -2
1922 7 4 1703 -2
1929 1 1714 6,7,8,9 -3
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1931 9 1 1719 7.10 -2
1942 7 2 1721 10 -1
1943 8 2 1723 7 -2
1949 10 2 1747 7.8.9.10 -3
1950 6.7 2 1751 7 -2
1952 6.7 2 1802 7 -2
1954 5 1 1811 7 -2
1955 6 2 1820 6.7.8 -2
1956 8 2 1825 7 -1
1957 4 2 1826 7 -1
1958 4 1 1832 7,8,9.10,11,12 -4
1959 9 1 1845 -1
1960 9 1 1846 6,7.8 -2
1961 6 2 1847 -2
1962 9 2 1848 -2
1963 9 1 1849 -2
1965 6.8 2 1850 7 -1
1971 6 1 1852 6,7.8,9.10.11.12 -4
1972 6.8 2 1853 1 -1
1973 5.6.9 2 1856 6.7,8 -2
1982 8 2 1863 6.7.11 -2
1983 7 1 1864 6,7.8.9.10,11.12 -4
1984 6.8 2 1870 7.8,9,10 -3
1902 -2
1913 7 -2
1914 7,10 -2
1924 -1
1925 -2
1926 10
1929
1934 7
1940
1944
1945
1946
1947
1951 7.8.9 -2
1952 7,8. -2
1953 7,8.9 -2
1954 8,9 -2
1957 8.9 -2
1958 6 -1
1961 6.7.8 -2
1963 1,10 -2
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1964 7,8,9 -2
1967 7,8,9,10 -3
1971 7,8 -2
1973 8.10.11.12 -3
1977 7,10,11,12 -3
1978 9,10 -2
1979 9,10 -2
1985 4,5,6 -2
County: Pujiang
Type Year Month Code Type Year Month Code
Floods 1011 7 2 Droughts 998 4,7 -2
1026 10 2 1002 -1
1061 1 1099 7 -1
1124 10 1 1173 -1
1199 7.8.9 2 1181 -1
1210 6 1 1194 1,2,3,4,5,6,7 -4
1222 8 2 1201 -2
1252 1 1221 -2
1291 1 1266 -1
1292 1 1356 -2
1307 1 1507 6,7,8,9,10,11,12 -4
1416 6.8 2 1508 -2
1539 2 1523 -2
1551 2 1526 -2
1557 1 1537 -1
1663 10 2 1538 -1
1683 4 1 1545 -2
1732 1 1559 -1
1740 6 1 1568 -1
1751 4 1 1583 -1
1773 6 2 1585 -1
1798 6 2 1588 -2
1800 1 1589 -2
1815 5 1 1590 -2
1820 10 2 1598 6,7,8,9,10 -3
1834 6 2 1615 -1
1849 10 1 1636 -2
1850 9 2 1646 -1
1853 8 1 1661 -1
1878 6 2 1671 6.7.8.9.10 -3
1882 6 2 1673 -1
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1883 8 2 1679 -1
1886 8 1 1719 7.10 -2
1889 8 2 1721 -1
1892 10 1 1722 7 -1
1909 6 3 1738 -1
1922 9 2 1744 -1
1923 7 1 1751 5.6,7.8,9.10 -4
1929 1 1762 7 -2
1931 9 1 1775 7 -1
1934 6 1 1811 -2
1935 6 1 1815 7,8.9.10.11.12 -4
1937 5.6 2 1816 1,2,3.4 -3
1943 1 1820 5 -2
1946 1 1835 7,10 -2
1953 6 1 1843 -1
1954 6 1 1846 -1
1956 8 1 1852 7.8,9.10 -3
1963 6 2 1864 -2
1968 7 1 1865 -2
1970 6 1 1871 7 -1
1973 6 1 1890 7 -1
1977 6,9 2 1914 6,7,8.9,10 -3
1980 8 1 1924 6.7,8 -2
1925 7.10 -2
1934 7,8,9 -2
1940 8.9 -2
1944
Drought for 3 
months -2
1950 8.9 -2
1954 9.10,11 -2
1964 11,12 -2
1967 8,9,10,11 -3
1971 7.8.9 -2
1976 8,9 -2
1978 -1
1979 10,11 -2
County: Wuyi
Type Year Month Code Type Year Month Code
Floods 1476 9 2 Droughts 1477 -1
1482 6 2 1482 -1
1483 8 2 1484 -1
I l l
1484 6 2 1486 -1
1529 6 ,9 2 1491 -2
1530 9 2 1492 -1
1539 7 2 1508 7,8,9.10.11.12 -4
1569 7 2 1509 1.2.3 -2
1600 9 2 1512 -1
1601 5 1 1543 -1
1639 7 3 1544 -1
1650 2 1545 -1
1672 5 2 1569 7 -1
1683 4 1 1575 5,6.7.8,9.10.11.12 -4
1684 8 2 1576 1 -1
1686 4 1 1588 -1
1698 9 2 1598 6.7.8 -2
1744 2 1603 7,8,9,10 -3
1759 2 1605 7.8.9.10 -3
1764 2 1608 7 -1
1767 2 1636 6.7.8 -2
1774 1 1646 5 -1
1783 6 2 1651 -2
1784 2 1655 7.8.9 -2
1790 1 1662 6.7.8 -2
1793 6 2 1664 -2
1800 7 2 1666 10.11.12 -2
1820 After July 2 1667 1.2.3.4 -3
1830 9 1 1671 6.7.8.9.10 -3
1868 8 2 1687 10 -1
1874 8 2 1688 10 -1
1875 7 2 1689 7.8,9.10,11,12 -4
1876 9 2 1696 4,5,6,7,8 -3
1877 7 2 1697 6.7.8 -2
1897 6 2 1703 -2
1915 6 1 1711 8.9 -2
1918 8 1 1714 -2
1922 7 .9 1 1719
1923 9 1 1721 (-2)
1928 10 1 1723 -2
1931 8 1 1742
1932 7 1 1747
1933 7 1 1748
1940 6 2 1750
1942 8 1 1751 -2
1943 7 2 1755
1947 6 2 1757
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1948 4,5.6,7 3 1762 -1
1950 6 2 1772 10 -1
1951 6 2 1773 8 -1
1952 5.7 2 1776 -2
1953 6 2 1777 9 -1
1955 6 2 1781 -2
1956 7 1 1785 7 -2
1959 9 1 1802 9 -1
1960 7.9 1803 10 -1
1961 10 1 1805 -2
1962 9 1 1807 8 -1
1963 4.5 1811 -2
1964 7 1 1816 -2
1975 8 1820 6.7,8 -1
1977 4 1 1821 -1
1982 7 1 1832 -2
1983 6 2 1835 -1
1984 6.7 2 1836 -1
1845 -2
1849 -1
1851 -1
1852 -1
1856 7 -1
1868 7 -2
1879 6.7 -2
1891 7 -1
1900 6.7.8 -2
1914 -2
1915 1 -1
1918 No rain until August -1
1926 6 -1
1928 1,2.3 -2
192^ -1
1930 1 -1
1933 7 -1
1934 7 -1
1943 8 -1
1944 3.4.8 -1
1945 7,8 -2
1946 -1
1953 7,8 -2
1958 10,11,12 -2
1959 9,10 -2
1960 10 -1
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1961 6.7.8 -2
1964 7,8.9.10,11.12 -2
1965 1
(-1). (- 
2)
1967 7.8.9.10 -3
1969 7.8.9 -2
1970 7.8.9 -2
1971 7.8.9 -2
1978 10,11.13 -2
1979 10.11.12 -2
1983 7.8 -2
County: Yiwu
Type Year Month Code Type Year Month(A.D) Code
Floods 1144 6 2 Droughts 961 6.7.8 -2
1176 9 1 1182 8 -2
1199 2 1205 -2
1200 6 2 1215 9 -1
1209 6 1 1240 7 -2
1216 6 2 1352 -2
1242 8 1 1356 -2
1252 7 2 1438 6 -1
1330 2 1456 -2
1440 7,8 2 1457 -2
1539 7 2 1458 -2
1598 10 2 1459 -2
1618 1 1487 10 -1
1626 2 1491 -2
1640
Continuous 
rain for 3 
months 2 1508 -2
1657 2 1526 -2
1670 6 1 1550 -2
1683 4 1 1583 -1
1762 8 2 1586 -1
1780 6.8 2 1587 7 -2
1800 7 2 1588 7 -1
1801 8 1 1589 -1
1802 5 1 1590 7 -2
1832 9.10,11.12 3 1591 -1
1834 1,2.3 2 1598 -2
1844 1 1601 -1
1854 5 1 1636 -2
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1900 1 1640 7 -1
1922 7 1 1646 -2
1928 1 1655 5 -1
1931 1 1681 10 -2
1935 7 1 1719 7,10 -2
1942 7 1721 -1
1946 1 1723 -1
1947 1 1751 7 -2
1950 6 1 1802 7 -1
1951 6 2 1811 -1
1952 5 2 1812 -1
1954 5,6 2 1832 7,8 -2
1955 6 1 1835 -2
1956 8 1 1850 -1
1958 8 1 1852 -2
1959 9 1 1856 7 -2
1962 9 1 1879 7,10 -1
1963 6 1 1914 -2
1965 3,4 1 1934 7 -2
1967 3 1 1940 -1
1973 5,6 1 1944 -1
1975 7 1 1947 -1
1976 6 2 1951 5.6 -1
1979 3 1 1953 7,8.9 -2
1981 7.8 2 1955 6,7.8 -2
1984 6,7 2 1958 6,7 -2
1985 4,5,6.7 3 1961 6,7,8,9 -3
1962 12 -1
1963 1.2,3,4 -3
1964 7,8,9,10 -3
1967 7,8,9,10,11,12 -4
1968 1,2,3,4,5 -3
1971 7,8 -2
1978 8.9,10,11 -3
County; Yongkang
Type Year Month Code Type Year Month Code
Floods 1136 10 2 Droughts 1032 9 -2
1185 7 2 1169 -1
1197 10 1 1205 7 -2
1210 2 1215 -1
1216 2 1353 -2
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1222 2 1356 -2
1483 2 1456 -2
1510 2 1487 10 -1
1529 8 2 1491 -2
1539 7 2 1508 6,7,8,9,10,11 -4
1569 8 1 1510 -1
1592 2 1524 -2
1634 8 2 1545 -2
1671 4 1 1579 7,8 -2
1683 4 1 1587 -1
1686 4,7 2 1588 -1
1747 6 1 1589 -1
1783 7 2 1597 -2
1800 7 2 1636 -2
1801 8 1 1646 7 -1
1832 10 1 1654 7.10 -2
1833 4,7 2 1655 -2
1834 7 2 1656 7,10 -2
1853 7 1 1666 -1
1871 4,7 2 1671 6,7,8,9,10 -3
1875 4 1 1677 -1
1878 4,7 2 1681 -1
1889 2 1684 -1
1910 7 1 1688 7 -1
1915 5 1 1689 -1
1917 7 1 1692 -1
1922 6 2 1693 -2
1928 10 1 1696 -1
1929 1 1697 -1
1939 5 2 1703 -1
1943 7 2 1714 6,7,8,9 -3
1949 10 2 1716 -2
1950 6,7,8 2 1719 -1
1951 4,6 2 1721 6,7,8,9 -3
1952 5,6,7 2 1723 -1
1954 5,6,7 2 1747 7,8,9,10,11,12 -4
1955 6 2 1751 -2
1956 8 1 1764 7 -1
1958 3.4.5 2 1796 7 -1
1959 2 1 1802 -2
1960 6.9 2 1811 -2
196 il 5,6,10 2 1820 -2
1962 8.9 2 1832 7 -1
1963 9 1 1835 -2
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1965 4.5,6 2 1846 6,7,8 -2
1966 4.7 2 1852 6,7,8,9,10,11,12 -4
1968 6,7 2 1853 1 -4
1969 6.7 2 1864 7,8,9,10,11.12 -4
1970 6 2 1865 1 -1
1971 6 1 1914 10 -1
1973 5.6 2 1924 -2
1974 7.8 2 1925 -2
1976 6.7 2 1929 -1
1977 4 1 1934 6.7.8 -2
1980 8 2 1951 5,6 -2
1981 3,5,7,8 3 1953 7,8 -2
1982 7,8 2 1954 8,9,10 -2
1983 7 1 1955 8.9.10 -2
1984 6 1 1956 7 -1
1985 7 2 1957 7 -1
1958 10,11,12 -2
1960 9.10,11 -2
1961 6,7,8 -2
1962 11,12 -2
1963 1,2,3,9,10 -3
1964 7,8,9,10,11,12 -4
1965 9,10 -2
1967 7.8,9.10 -3
1968 8.9,10 -2
1969 7,8,10,11 -3
1971 7,8,11.12 -3
1973 8,10,11,12 -3
1977 7,10.11,12 -3
1978 7,8,9,10,11,12 -4
1979 5,6.9.10 -3
1983 7,8 -2
